Structure and Transport Functions of Various Populations of Renal Proximal Tubules During Development and Maturation by Khan, Farah
STRUCTURE AND TRANSPORT FUNCTIONS OF 
VARIOUS POPULATIONS OF RENAL PROXIMAL 
TUBULES DURING DEVELOPMENT AND 
MATURATION i 
X ABSTRACT 
f T H E S I S 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
©ottor of ^I)iI02;op})p 
\ 
i ^ V\ IN 
BIOCHEMISTRY 
<J^ 
BY 
FARAH KHAN 
DEPARTMENT OF BIOCHEMISTRY 
FACULTY OF LIFE SCIENCE 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1996 
">. 
S U I 4 M A . I I Y 
SUMMARY & CONCLDSIOM 
It is well known that newborn kidney in humans and 
animals is immature at birth. It has been also established 
that neonate kidney undergoes a process of postnatal 
development and maturation during the growth. The "nephron", 
fundamental unit of the kidney is comprising of a glomerulus 
and a long tubule. The blood filters through the glomerular 
membrane during circulation and the filtrate thus formed is 
passed through various tubular subsegments of the nephron. 
During this course various nutritional components, minerals 
and ions are reclaimed (reabsorbed) by the proximal and 
distal subsegments through their luminal membranes (brush 
border membrane, BBM) while others are excreted in the 
urine. Thus the kidney plays an essential role in the 
maintenance of the composition and concentration of various 
body fluids by its reabsorptive properties and hence also 
maintains the acid-base balance in physiologic and 
pathophysiologic conditions. The proximal tubule of the 
nephron subsegments is considered to be the major site for 
the reabsorption of various ions, molecules, and minerals 
including Na , Pi, sugars, fatty acids and amino acids. In 
proximal tubule the reabsorption or secretion occurs mostly 
by active transport at the luminal brush border membrane 
(BBM) site where it is also regulated by several hormonal 
and nonhormonal stimuli and by adaptations. Inter- and 
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intranephronal heterogeneity of the proximal tubule (PT) 
with respect to structure, metabolic activity and transport 
function have been reported i.e. various PT sub-populations 
exhibit differences in their structures and functions. They 
are also differentially regulated by different physiologic 
and non-physiologic conditions. 
The kidney at birth contains about 500,000 nephron and 
another 500,000 are added after birth at least in the 
laboratory animals during the growth. However, in humans all 
the nephrons are considered to be developed in infants 
before birth except in premature subjects. The nephrogenesis 
as well as postnatal maturation is known to occur by a 
centrifugal pattern as the more developed nephrons are found 
to be located in the deep cortex at the corticomedullary 
junction while the less developed in the outer cortical 
regions. It has been postulated by the morphologic and other 
studies that the maturation of the nephrons located in the 
deep cortex takes place in the first stage in about 28 days 
after birth while outer cortical nephrons mature in the 
second stage uptil 48 days of age. However, another view 
suggested an incomplete initial maturation of all the 
nephrons and the completion of maturation occurs 
simultaneously. 
In view of the above the present studies are carefully 
171 
designed and carried out to find out the mode of development 
and maturation of certain biochemical components 
(structural, metabolic and functional) of the proximal 
tubules isolated from either superficial (SO or 
juxtamedullary cortex (JMC) during the growth. 
The results of the present study are summarized as 
follows : 
1. The development and maturation of various kidney tissue 
zones e.g. cortex (SC & JMC) and outer medulla were 
determined by the activities of certain enzymes of 
carbohydrate metabolism which can be linked with their 
functional abilities as chief source of energy required 
+ 
mainly for the active transports of Na and other solutes 
dependent on it. These studies reveal that -
a) The glucose is metabolized via glycolysis to greater 
extent in medulla than cortical homogenates in all age 
groups of rats. The activity of LDH was found to be 
increased with increasing age during growth being least 
in newborn rats. 
b) Oxidative metabolism via TCA cycle could not be clearly 
demonstrated, however, different maturational pattern 
for MDH activity has been found in renal tissue zones 
during postnatal development and growth. While MDH 
activity changed narrowly in SC, it was sharply 
172 
increased in JMC and medulla in 35-40 d and 55-60 d 
rats than the younger rats. 
c) Oxidation of glucose via HMP-shunt pathway (an 
alternate pathway) as demonstrated by the activity of 
G-6-PDH was found to be quite high in newborn (15-20 d) 
than other rats. In particular, the activity was two 
fold higher in JMC-H than in SC-H. The activity however 
declined significantly with increase in age of the rats 
in all renal tissues. It was 10 times less in adult 
than in newborn rats in SC-tissue. 
d) In view of the distribution of ME together with G-6-PDH 
in various ren<3i tissues, the biosynthetic pathways 
(with greater NADPH availability) appeared to be also 
greatly active in young rats than in older rats. The 
activity was much higher in the medulla than in the 
cortex (both in SC and JMC). 
e) The production of glucose via gluconeogenesis appeared 
to be relatively greater in adult rats than in newborn 
rats. The activity of G-6-Pase was much higher in 
cortical tissues than in the medulla. The activity 
was increased sharply in an age dependent manner but 
to greater extent in SC than in JMC-H or M-H. On the 
other hand, the activity of FBPase was much less than 
G-6-Pase activity in renal tissues and was always 
higher in SC-H and JMC-H compared to M-H. During 
postnatal maturation, the activity of FBPase did not 
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change significantly in JMC-H. However, in SC-H it did 
increase in 35-40d than in 15-20 d rats then lowered in 
older rats. 
2. In the second series of the experiments, structural and 
functional maturation of the luminal brush border membranes 
(BBM) of the proximal tubule in renal cortex was determined 
by measuring the activities of some marker enzymes in the 
homogenates and BBMV preparations. 
a) The activities of AlkPase, GGTase (BBM enzymes) and 
APase (lysosomal enzyme) were found to be low in 
newborn rats in all renal tissues studied. The cortical 
homogenates showed higher activities than M-H. However, 
the maturational expression of enzymes was different in 
each renal tissue and was dependent on the age of the 
rats. The AlkPase was maximally increased in 35-40 d 
old rats compared to 15-20 d old rats, reached to 
maximum maturation point in 55-60 d old rats and then 
the enzyme activity declined in adults. 
b) Although the activity of GGTase was much lower in the 
three homogenates of newborn rats compared to young 
and adult rats, but it was much higher in JMC-H 
compared to both SC-H and M-H where it was least. The 
maximum activity increase in SC-H was found between 35-
40 d and 55-60 d old rats. However, greater increase 
was observed between 15-20 d and 35-40 d old rats both 
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in JMC-H and M-H and continue to increase even in adult 
rats in case of M-H. These results indicate a 
differential maturational pattern for the BBM enzymes 
during growth, 
c) The activity of acid phosphatase (APase) was linearly 
increased both in SC-H and JMC-H but to a greater 
extent in JMC-H. These results indicate that number of 
lysosomes were increased in an age dependent manner. 
3. When the maturational pattern of AlkPase and GGTase was 
determined in the BBMV isolated from SC and JMC-tissues a 
very different pattern was obtained from that of respective 
homogenates as described above. The activity of AlkPase was 
predominantly increased in BBMV-SC while the activity of 
GGTase was profoundly increased in BBMV-JMC. The 
maturational expression of the above enzymes was also 
different both in BBMV-SC and BBMV-JMC. 
a) The activity of AlkPase in BBMV-SC was significantly 
higher in 50-55 d (50%) than in 25-30 d rats then 
lowered in 90-120 d rats. However, in BBMV-JMC, the 
activity of AlkPase linearly increased with increasing 
age. 
b) The activity of GGTase was always much higher in BBMV-
JMC than in BBMV-SC. In BBMV-SC, it was maximum in 90-
120 d rats while in BBMV-JMC in 50-55 d rats. 
c) Kinetic studies indicate that increase in BBM-enzyne 
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activities was mostly due to increase in Vmax values 
and support the fact that the enzyme activities were 
increased during growth mostly due to increase in the 
number of molecules of the enzymes inserted in the 
membranes (Vmax-effect). The activity of acid 
phosphatase was lower in the BBMV preparations compared 
to homogenates which indicates the purity of the 
membrane as this lysosomal enzyme was less in the BBMV 
preparations. 
d) BBMV(s) isolated by percoll-density gradient centrifu-
gation also suggest that the quantum of the enzyme 
activities (total activities) increased in accordance 
with the increment in the age of the rats. Further 
studies indicate that the increase in the enzymes 
activities was associated only with the membrane 
fractions and not with the soluble fraction. 
4. The functional maturation of the proximal tubules from 
superficial (SO and juxtamedullary cortex (JMC) was 
32 demonstrated by the transports of Pi and D-glucose 
determined using isolated BBMV(s) from above kidney tissue 
zones. 
a) In general, transports were found to be largely 
dependent on the Na-gradient (NaQ>Na^). Na-gradient 
dependent transports were always higher in BBMV-SC than 
in BBMV-JMC. The initial uptakes increased 
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proportionally with respect to the elapsed time of 
incubation (10-30B) then lowered and equilibrated at 
120 min. Although the eguilibriuin uptake was also 
higher in BBMV-SC than in BBMV-JMC, but there was no 
significant difference in the equilibrium uptake values 
among BBMV-SC(s) and BBMV-JMC(s) of different age 
groups suggesting similar intra-vesicular spaces. The 
maximum rates of uptake in BBMV-SC and BBMV-JMC were 
exhibited in 45-50 d rats compared to both 25-30 d and 
90-120 d rats. The age dependent increase (percent 
32 
wise) in the uptake of Pi appeared to be greater in 
BBMV-JMC than BBMV-SC in 45-50 d than 25-30 d rats. 
b) Kinetic analysis revealed that increased rates of 
32 
uptake of Pi were usually due to increase in Vmax 
values rather than Km values in both BBMV-SC and BBMV-
JMC. It appears from the results that a higher capacity 
32 
system for Pi transport was operating in BBMV-SC 
while a lower capacity and high affinity system was 
operating in BBMV-JMC during the growth, more in 
younger rats than adults. 
32 
c) The transports of Pi, in particular, showed differen-
tial properties between BBMV-SC and BBMV-JMC during the 
32 growth. Although the uptake of Pi was dependent on a 
+ 
Na -gradient but this dependancy was different in BBMV-
SC and BBMV-JMC. The stoichiometry of Na/Pi cotransport 
system appeared to be 2:1 in BBMV-SC in 45-50 d and 90-
177 
120 d rata. However, inost importantly a 1:1 
Btoichiometry appeared to be prevalent in BBMV-SC in 
25-30 d rats and in BBMV-JMC{s) of all age groups of 
32 
rats. Thus it appears that more Pi could be 
transported by BBMV-SC in addition to BBMV-JMC in 25-30 
+ 
d rats with the stipulated Na concen-trations than by 
the BBMV-SC(s) in 45-50 d or 90-120 d rats. 
32 d> The transport of Pi in BBMV-SC and BBMV-JMC was 
distinctly inhibited by specific inhibitors (PFA and 
ASO4) and to different extent in 25-30 d, 45-50 d and 
90-120 d rats. 
32 
e) Similarly the transport of Pi was distinctly 
stimulated by in vivo stimulators such as by thyroid 
hormone (T3) and by dietary Pi deprivation during the 
growth. Mhile the extent of stimulation of transport (% 
increase) by LPD was much greater in 25-30 d rats than 
in 45-50 d and 90-120 d rats, it was much greater by T3 
in adult rats than younger rats. However, the adaptive 
increase in the above situations vary significantly in 
25-30 d rats. 
Thus it can be concluded from the above results that 
the kidney in general and the proximal tubules in particular 
mature in the structure and in the functions differentially 
during the postnatal development and the growth. Further the 
proximal tubular sub-populations from SC and JMC matures 
178 
1^  
differentially in terms of structure, metabolism and 
transport functions. The maximum maturational growth 
appeared in rats between 45-50 d rats where both PT-SC and 
PT-JMC are expected to be matured. 
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I N T R O D U C T I O N 
GENERAL 
The kidney is a vital organ plays essential role in 
health and diseases including its role in the development 
and growth. The main function of the kidney is to maintain 
total body fluid volume, its composition and thus play a 
major role in the maintenance and regulation of acid-base 
balance of the body fluids including the blood. This is 
accomplished collectively by the presence of several 
millions of the functional units of the kidney known as 
"nephron". A nephron is consisting of a glomerulus with an 
extended tubular structure. The renal functions are mainly 
characterized by the reabsorption abilities and capabilities 
of the tubules which runs through several anatomically 
distinct parts of the kidney. 
The structure of the mammalian kidney apparently looks 
very homogenous, however, can be viewed as a composite of 
several organs, geometrically,functionally and metabolically 
(1). Thus each nephron consists of a group of organs 
arranged in series coursing through four concentric tissue 
planes, the cortex, outer and inner zones of the outer 
medulla and the inner medulla (1). Each concentric tissue 
plane from cortex to inner medulla also has individual 
"organ" characteristics with respect to their ionic contents 
and characteristics of metabolism (metabolic rates) among 
the above tissue zones (1). 
1 
Renal tubular structures documented to be the site of 
whole kidney functions and these can be characterized by 
transport processes which occur in the rnanunalian kidney. It 
has been demonstrated that these transport processes mostly 
of ions and solutes are somehow driven by metabolic energy 
+ 
yielding reactions (2). The transport of sodium ions (Na ) 
is considered to be the major work function in mammalian 
+ 
kidney, as in the absence of any Na -transport, the 
transport of other solutes such as amino acids and hexoses 
approaches zero (3, 4, 5). Fromter et al. suggested that one 
third of the net transepithelial sodium flux is transported 
actively (6). Atleast 80% of this active transport depends 
on adenosine triphosphate (ATP) (7) indicating a linkage 
between transport processes and energy producing metabolic 
reactions (8, 9, 10, 11). The active transport performed by 
the kidney has been shown to be associated with oxygen 
consumption rate which is usually involved in producing 
energy for such transport systems. Earlier studies 
demonstrated a linear relationship between sodium transport 
and oxygen consumption (12, 13), however, a direct 
relationship with the energy production or utilization could 
not be confirmed. 
Fatty acids. Glucose and their metabolites e.g. 
intermediates of citric acid cycle, amino acids, lactate 
etc. are known to contribute to the energy supply of the 
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kidney in various mammals including man (8). The rate of 
metabolism of the above substrates by one or the other 
pathways seems to be dependent on the availability of the 
oxygen in any particular zone of the kidney (8, 14, 15, 16, 
17, 18). There appears to be a reverse cortico-medullary 
gradient for tissue oxygen tension {PO2) i.e. PO2 in inner 
medulla is far lower than in cortical tissue (19, 20, 21, 
22). Available evidences so far indicate that aerobic 
metabolism is more prevalent in renal cortex while anaerobic 
metabolism in renal outer and inner medulla (14). 
Nephron which is consisting of various subsegtnents 
showed distinct structural and functional differences. Thus 
nephron heterogeneity also add to the variation in the 
functions of kidney as a whole. Both inter and intra-
nephronal heterogeneity exist in the mammalian kidney that 
depends on the origin and location of the nephrons in 
cortical region of the kidney (23, 24). The nephrons which 
originate from the glomeruli located in the superficial 
cortex are known as "superficial-nephron" while the nephrons 
originated from the deep cortical region are known as "deep" 
or "Juxtamedullary nephrons". These populations of nephrons 
have found to be distinct structurally and functionally 
(23). Furthermore, the above nephron subpopulations develop 
and mature differentially in new born mammals during growth 
(25). These finding, therefore, provide an opportunity to 
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study structural and functional variations during 
development and maturation and to find out correlations 
between functional capabilities (by transports) and various 
metabolic pathways related to energy-yielding reactions 
during development and growth in particular and to 
understand the complexity of kidney functions in general. 
PRESENT STATE OF THE KNOWLEDGE 
(A) The structure and functions of the kidney in general 
Mammalian kidneys are heterogenous structures 
consisting of distinct structural and functional tissue 
zones eg. cortex, outer medulla (outer and inner portions) 
and inner medulla (papilla). "Nephron", the basic unit of 
the kidney consists of a glomerulus and a long tubule. 
Glomerulus is a site where blood is filtered and a nephric 
fitrate is formed. This nephric filtrate (consisting of 
various ions and solutes) is then passed through the lumen 
of various distinct tubular structures collectively known as 
"the nephron" which runs through various renal tissue zones 
(1). The nephron is subdivided into several subsegments 
according to their locations and structural features (1, 
23). Most of the ions and useful solutes present in the 
+ 
nephric filtrate (Na , Pi, amino acids, FAs, sugars) are 
reclaimed or reabsorbed by various nephronal subsegments eg. 
proximal and distal tubules (26, 27) while the harmful waste 
products are excreted out by the kidney as urine. The renal 
reabsorbtion of ions and solutes takes place actively or 
passively across the luminal membrane of proximal (mainly in 
cortex) and distal (mainly in outer and inner medulla) 
tubules according to their abilities and capabilities. The 
proximal tubule in the cortex has been demonstrated to be 
the major site for reabsorption of ions and solutes 
including water which occurs at the luminal or brush 
border membrane (BBM) site of the proximal tubules (28). 
Thus ions and solutes such as sodium, phosphate, sugars and 
amino acids etc. are reabsorbed at the BBM of the proximal 
tubule usually as secondary active transport which is 
energized by the transcellular transport of sodium ions 
(primary active transport) from luminal membrane (in wardly) 
out of the epithelial cell by basolateral membrane (29, 30, 
31). The energy for the transport of Na and the solutes 
dependent on it is mainly provided by the hydrolysis of ATP 
+ + 
at antiluminal membrane site involving Na /K ATPase (10, 
28). The movement of sodium ions is dependent not only on 
the Na -gradient across the membrane but also influenced by 
the metabolic status of the cell. Since the production of 
ATP is usually coupled to oxidative metabolism occuring in 
+ 
mitochondria, Na transport appears to be linked with the 
oxidative metabolism or oxygen tension (PO2) of the renal 
tubular cells. A direct linear relationship between O2 
uptake/utilization and Na reabsorption has been found (12, 
13). 
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Considering the heterogenous structure of the kidney, 
the transport of sodium was found to be distributed 
differentially in different parts of the kidney and also 
differentially in different subsegments of the nephron (10, 
32, 33). Moreover, the segmental 02-consumption as well as 
+ 
Na -reabsorption varied according to the variations in 
location and the type of the nephron subsegments. The 
+ 
transport of Na requires a large expenditure of energy 
which also varies in different nephron sub-segments 
according to the status of available energy. Further 
research indicated that the source of energy for Na-
transport i.e. ATP, is not solely provided by the oxidative 
metabolism but also by other metabolic processes such as 
substrate metabolism (34, 35, 36). According to several 
studies, fatty acid, glutamine, lactate, citrate and in 
particular glucose are the major substrates which provide 
energy to support the transport work of the kidney (34, 35, 
36, 37, 38, 39). It is well established that various nephron 
subsegments located in different tissue zones of the kidney 
have different functions in solute and fluid transport, as 
well as in substrate metabolism. For example, the renal 
cortex is characterized mostly by aerobic oxidative 
metabolism (14) while the renal medulla is the site of 
anaerobic metabolism and glycolysis. Moreover, the renal 
cortex is also capable of producing glucose (1, 40, 41). 
During the last decades, information regarding the 
cellular metabolism in defined nephron segments has started 
to appear (42, 43, 44, 45, 46). These studies have provided 
invaluable information about the biochemical machinery of 
the nephron supporting the transport work and other 
important functions of the kidney. For example, Klein et 
al. (1981) demonstrated that proximal convoluted tubules 
(located in cortex) can oxidize a variety of substrate eg. 
a-ketoglutarate, glutamine, glutamate, malate and succinate 
but cannot oxidize lactate and glucose to any appreciable 
extent (42). 
The topic of renal metabolism as it pertains to renal 
transport work has been extensively reviewed (8, 9, 10, 11). 
Recent studies, support the view that glucose play a 
critical role in the renal transport functions (47, 48). 
Endogenous substrates and added free fatty acids supported 
24.7 and 34.7% sodium reabsorption respectively whereas 
glucose elevated sodium reabsorption to 97.1% of the 
filtered load and supported 75.2% of Na-transport when added 
as the only substrate (47, 48). The oxidation of glucose in 
kidney may occur by several different metabolic pathways 
depending on the location and type of a particular nephron 
segment in the kidney: (1) the tricarboxylic acid (TCA) 
cycle, in which glucose undergoes glycolysis to pyruvate, 
which in turn oxidized to CO2; (2) the hexose-monophosphate 
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(HMP) shunt pathway; and (3) the glycolysis in which glucose 
is partially oxidized to lactate. On the other hand glucose 
is also known to be produced in the kidney by 
gluconeogenesis (1, 40, 41). 
The enzymes belonging to the above pathways are found 
to be present and distributed differentially in the kidney. 
The renal medulla is the major region for the production of 
lactate from glucose by glycolytic enzymes (1) while the 
oxidative conversion of glucose to CO2 was shown in renal 
cortex (14, 49). It was further demonstrated that although 
the net uptake of glucose was higher in the renal medulla 
than in cortex, the proportion of glucose oxidized to CO2 
was higher in cortex than medulla. Thus overall glucose 
oxidation appeared to be greater in renal cortex. Definite 
information about glucose oxidation rates in defined nephron 
subsegments is limited at present (42). In other words the 
contribution of each segment to glucose oxidation in the 
cortex and medulla is also unknown at present. However, the 
information about distribution of the enzymes of the above 
pathways is available from most of the subsegments of the 
nephron located in different parts of the kidney (1). 
Hexokinase (HK) and phosphofructokinase (PFK) which are key 
enzymes in glycolytic pathway are found in the highest 
concentrations in MAL, DCT and collecting duct (CD). Much 
smaller activity of the above enzymes was demonstrated in 
other nephron segments, namely, proximal tubule located in 
the cortex (50, 51). Thus it appears that conversion of 
glucose to CO2 via glycolysis and TCA cycle is prevalent in 
MAL, DCT and CD but the activities of glycolytic enzymes are 
low in the proximal tubules (42). The high activity of 
glycolysis in the medulla can not be correlated with the 
reduced O2 tension in that region because the prevailing PO2 
in the normal medulla has been shown to be sufficient to 
support oxidation of other substrates such as succinate (52, 
49). Rather, the predominance of glycolysis to produce 
lactate in the aerobic environment may be due to the 
relatively low numbers of mitochondria in the medulla which 
leads to low ATP/ADP-Pi ratio in turn responsible for low 
NAD/NADH ratio in the cytoplasm (49) and eventually favours 
the production of lactate from pyruvate. Actually 
production of lactate from glucose was considered due to the 
predominance of M-isoenzymes of lactate dehydrogenase (LDH) 
in the medulla (53, 54, 55). 
The HMP shunt is another pathway by which glucose 
undergo oxidation. The enzymes of this pathway have been 
demonstrated in the kidney with relatively higher activity 
in DCT and MAL (1, 42). The contribution of the shunt 
pathway to overall glucose oxidation appears to be small 
under normal conditions compared to glycolysis or TCA cycle 
as has been shown in rats, rabbits and dogs (14, 56, 57). 
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However, the importance of this pathway was realized under 
stimulatory situations such as metabolic acidosis, 
respiratory alkalosis and in response to angiotensin where 
the activity of the enzymes involved in HMP-shunt pathway 
was found to be increased considerably (58, 59). The 
enhanced activities of the enzymes was related with the 
increased production of NADPH which is considered to support 
biosynthetic processes and to be involved in hydrogen ion 
secretion (60, 61). 
As far as the availability of glucose is concerned, it 
can be taken up as well as produced by the kidney. The 
production of glucose is accomplished by the process of 
gluconeogenesis and the enzymes of this pathway have been 
identified in the kidney (1, 40, 41). Kida et al. (1978) 
have demonstrated that the kidney contributes some 20-30% of 
blood glucose under normal conditions which can be increased 
almost upto 50% in acidosis, fasting and diabetes mellitus 
(62). It has been observed that the key enzymes of 
gluconeogenesis, such as phosphoenolpyruvate carboxykinase, 
Glucose-6-Phosphatase and Fructose 1,6 diphosphatase are 
exclusively present in the proximal tubule located in the 
cortical part of the kidney (63, 40). Further the activity 
of the above enzymes was found to be differentially 
distributed both in proximal convoluted and proximal 
straight tubules (41, 64). 
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(B) Inter and intra renal heterogeneity of proximal tubules 
(PT) 
The concept of nephron heterogeneity was first 
introduced about 150 years ago by William Bowman who pointed 
out that glomeruli are distributed throughout the cortex and 
that glomeruli situated in the deep cortex are larger than 
those in the superficial cortex (65). Some twenty four years 
later Jacob Henle confirmed Bowman's findings (66). Later 
in early twenteith century Karl Peter described two nephron 
populations and G.C. Huber in the same year (1909) pointed 
out that due recognition be given to the structural and 
morphological characteristics of the mammalian renal tubule. 
However much attention was not focussed on the renal 
heterogeneity until 1947. With the development of new 
technique, number of workers have addressed this problem in 
the last twenty five years. Both inter- and intra-nephron 
heterogeneity have been described in mammalian kidney (24, 
25, 67). The discussion henceforth will be limited to only 
proximal tubular heterogeneity both at structural and 
functional level. 
Structural and/or functional difference(s) between 
proximal convoluted tubules (PCT) of superficial cortex and 
juxtamedullary cortex represent(s) internephron heteroge-
neity, whereas differences between early segment and late 
segment of proximal tubule of a single nephron represents 
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intranephron or axial heterogeneity. The nephron classifica-
tion system fundamentally is based on the cortical location 
of their glomeruli and/or on the length of their loops of 
Henle. According to the recent view nephrons are classified 
into three groups: Superficial cortical nephrons -have glom-
eruli located approximately 0.5 to 1mm below the capsular 
surface. Midcortical nephrons -have glomeruli situated in 
the midcortex deep to the superficial nephrons but above the 
juxtamedullary nephrons. Juxtamedullary nephrons -have 
glomeruli located immediately above the corticomedullary 
junction (Fig. 2). Generally, the most superficial nephrons 
have "short loops" (or even cortical loops) and deep 
nephrons have long loops. Besides the differences in 
glomerular diameter, proximal tubular length, filtration 
rate, epithelial permeability and transport characteristics, 
transepithelial voltage differences and distribution of 
various enzyme activities, are other factors that contribute 
to distinguish different nephron populations (67, 68). In 
inter-nephronal heterogeneity, proximal convoluted tubules 
of superficial nephrons always touch the surface of the 
kidney, whereas convolutions from midcortical-nephrons do so 
infrequently (69) and then tend to run perpendicular to the 
cortical surface, whereas proximal convolutions from 
juxtamedullary nephron run perpendicular to and intertwine 
with medullary rays. In most mammals juxtamedullary nephrons 
have longer proximal tubule (pars recta included) than 
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Fig . 2 . Scheaatic representat ion of the three groups of nephrons 
c l a s s i f i e d according t o the pos i t ions of the ir g l o a e r u l i . 
Hephron Segments are l a b e l l e d as : 
Proxiaal convoluted tubule (PCT): pars recta (PR): descending 
t h i n l iab of Henle (DTLH): ascending thin l i a b of Henle (ATLH): 
•edul lary thick ascending l i a b of Henle (MTALH): c o r t i c a l th ick 
ascending l iab of Henle (CTALH): d i s t a l convoluted tubule 
(DCT): connecting segacnt (CS): i n i t i a l c o l l e c t i n g tubule 
(ICT): cort ical c o l l e c t i n g tubule (CCT): outer aedullary 
c o l l e c t i n g tubule <OMCT): inner aedullary c o l l e c t i n g tubule 
(IMCT): papillary c o l l e c t i n g duct (PCD). 
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superficial nephrons (70, 71, 72, 73). Juxtamedullary-
proximal convolutions are approximately 25% longer and have 
a significantly greater diameter than superficial 
convolutions (69). 
In intranephron or axial heterogeneity, the proximal 
tubules have been divided into three distinct morphological 
subsegments e.g., S^, S2 and S3. The early PCT both in 
superficial and juxtamedullary nephrons is defined as Sj^-
segment and can be identified by its attachment with 
glomeruli on one side. The cells are tall (10-12 ym) having 
a long (~ Sym) brush border and extensive interdigitations 
between lateral cell and margin of adjacent cells (69, 74). 
$2 is defined as the late superficial proximal convoluted 
tubule, early superficial proximal straight tubule and late 
juxtamedullary proximal convoluted tubule. Thus is 
consisting of rest of the convolutions and entire pars recta 
(straight portion) in cortical portion of the kidney. Cells 
of S2 segments are shorter, with shorter brush border and 
less extensive lateral and basal infoldings than S^ cells 
(69, 74). In contrast, S3 is located principally in the 
outer stripe of outer medulla and is terminal superficial 
proximal straight tubule and entire juxtamedullary proximal 
straight tubule. S3 is identified by its medullary location 
and by its connection with thin limbs on distal part. 
Superficial pars recta is long and contains S2 and S3 cell 
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types whereas JM-pars recta is short and made of 
predominantly S3 sub-segments (69). All S3-subsegments 
(pars recta), as they descend from cortex into the outer 
stripe of the outer medulla change from S2 to S3 cell type. 
Thus the outer stripe of the outer medulla contains proximal 
tubular cells but only the S3 type (69). S3 cells are 
cuboidal and have the longest brush border, fewest 
mitochondria, least basolateral invaginations and least 
developed endocytic apparatus of all three proximal tubular 
cell types (75). Peroxisomes are most numerous in S3 cells 
(75). 
Besides morphologic differences, the functional inter-
and intra-nephronal differences have also been observed in 
proximal tubule. Functional differences mostly coincide with 
the morphological subdivisions. In early PCT (S^-segment) 
oxidative metabolism, Na/K ATPase activity and active 
transport are relatively high, allowing very efficient Na-
coupled net reabsorption of glucose, amino acids, phosphate 
and net secretion of hydrogen ions (23). In 82 cells, 
+ 
glucose. Pi and H transport capacities are still noticeable 
and progressively decrease along proximal convolution (23). 
Finally, in S3, Na/K ATPase activity, Na-transport is found 
to be relatively low however the transport of organic acids 
and bases is main concern of the S3 segments. Proximal 
heterogeneity also exists in regard to hormonal action and 
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some other adaptive changes (76). In the proximal tubule, 
the apical cell border is well developed and closely packed 
microvilli form the brush border. The luminal membrane 
contains a number of specific carrier systems for the 
reabsorption or transport of ions and solutes (77). It is 
well established that in proximal tubule, brush border 
membrane is the major site by which most of the fluid (upto 
+ 
65%), Na ions (65%) and most of the solutes are reabsorbed 
(29, 78, 79, 80). It is also the site for the regulation of 
the reabsorptive properties by the adaptive changes and by 
various stimuli (29). 
(C) THE STRDCTDRE AND FDNCTION OF THE KIDNEY DURING POST-
NATAL DEVELOPMENT AND MATURATION 
(a) Morphologic and histologic development and maturation : 
It is well known that neonatal kidney is immature in 
its structure and functions and that it matures during 
postnatal development and growth. It is believed that 
kidney develops by centrifugal pattern and that is 
based on process of renal embryogenesis which itself 
follows the pattern of centrifugation (25). It has been 
observed in humans that the generation of the nephron 
occurs few weeks after gestation progressively but in 
several stages (25). Fifty percent of the nephrons are 
generated after 20 weeks of gestation and another 50% 
(i.e. 500,000/both kidneys) are added after 34 weeks of 
17 
gestation (25, 81). It appeared from morphologic 
studies that the earliest formed nephrons were 
distributed in the inner half of the cortex, while the 
later formed nephrons in the upper half of cortex. Thus 
at birth the nephrons are of mixed ages distributed 
from cortex (youngest) to corticomedullary region 
(oldest) on the centrifugation pattern both in humans 
and in common laboratory animals (28, 82, 83, 84, 85, 
86). However, in animals nephrogenesis is believed to 
be continued until several weeks after birth (25, 82, 
84). After completion of nephrogenesis the development 
and maturation of nephrons occur predominantly by 
increase in the size and length of the nephrons in an 
age dependent manner but no new nephron is believed to 
be added afterwards (25, 82, 84). 
Some ultrastructure features of the developing 
proximal tubules have been described in several animal 
species (83, 87, 88, 89, 90, 91, 92, 93, 94). Larsson 
has observed that very young proximal tubule in rats 
contain a few organelles and a large nucleus (83, 87, 
88, 89, 90, 91, 92). He has also observed that as these 
cells mature with age, apical, basal and lateral cell 
surfaces and number and size of mitochondria were also 
increased (83). The young PTS are found to be extremely 
"leaky" as compared to more mature tubules. The young 
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PT also lack endocytic vacuoles and lysosomes but have 
a large Golgi (91). Similar observations were also 
obtained in other species eg. dogs, rabbits and pigs 
(83, 84, 85, 88, 93). From these studies it was 
postulated (25) that in all species maturation 
progresses towards the deeper cortex and attains an 
advanced stage throughout the JM-Cortex (82, 83, 84, 
85). 
These studies suggested that tubular maturation 
correlates well with nephron's cortical location and 
that the development and maturation of the PT do occur 
with centrifugal pattern i.e. more advanced in the deep 
cortex and less advanced in the outer cortex (78, 82, 
83, 84, 85, 88). However, from some studies (94) in 
which the maturation of PCT from outer and inner cortex 
was compared, no significant difference were observed 
in the maturation of various PCT. On that basis Linshaw 
postulated that various subpopulation of PT might 
reach to certain initial stage of maturation in an age 
dependent manner while the completion of the maturation 
takes place afterward simultaneously during the growth 
(94). According to Evan et al. (28) it takes 25-30 days 
for the tubules of the inner cortex and 48 days for 
those in the outer cortex to reach maturity. The 
disagreement between Evan et al. and Linshaw and 
Welling (28, 94) on the pattern of maturation might be 
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due to the species differences, and due to differences 
in the stages of development and maturation (i.e. of 
different nephron ages). Since most of the available 
information was based on the ultrastructural studies 
which describe the maturation of proximal tubule either 
only from outer cortex without taking PST into account. 
Further the structural maturation may not go along with 
the functional maturation as already suggested by 
Welling and Linshaw (25). It has been suggested that 
not all PTs mature at the rate parallel to their 
advancing age, instead only a moderate maturity is 
initially attained by all PTs upto certain age and then 
proceed towards adult levels of maturation within a 
close range of advancing age (25). Thus there should be 
a relationship between the structural maturity and some 
sort of functional maturity during growth. 
<b) Structural-functional develotMnent and maturation of 
proxiittal tubule : 
It is evidently clear that PT among the nephron 
segments plays a major role in renal functions (29, 78, 
79). More importantly the luminal brush border membrane 
(BBM) in the PT is the chief site for the reabsorption 
of various solutes and ions from the glomerular 
filtrate (luminal fluid) (29, 78). Thus the development 
and maturation of BBM would be of immense importance 
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together with the maturation of the PT cell in general. 
A correlation between the size (mass) and the function 
(GFR, Na - reabsorption and PT volume) of the kidney 
has been demonstrated in rats during normal growth (95, 
96). Larsson has found significant qualitative as well 
as quantitative differences in rat renal PT cells at 
different developmental stages (83). 
It has been reported that in upto 2d old rat 
kidney the PT cells showing cell division were not very 
well developed (83). They appeared to be elipsoid and 
large in size with small but elongated luminal cavity. 
The nephron at this stage had no glomerular anlage and 
no connection was observed between renal vesicles and 
collecting tubules. However, in 4-5 day old rat kidney, 
the PT cells were found to be further developed with 
glomerular anlage and the lumen found to be in 
continuation with that of collecting tubules. Further 
development of the PT cells was continued with 
decreasing size and increasing luminal diameter in an 
age dependent manner. The PT cells were still lacking a 
typical brush border till 7 days of age and brush 
border in apical membrane was first noticed only after 
8 days of age (83). These observations indicate that 
proximal convoluted tubule or superficial-proximal 
tubule develops at about 10 days of age in new born 
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rats and matures only after that age (82). Since 
evidences are not available for the development of 
pars-recta or the PT in the deeper cortex, it was 
presumed that PT in the deep cortex (pars recta) could 
have developed earlier than superficial PT as they are 
demonstrated to be present at the time of birth in the 
new-born animals (25). 
The studies of Larsson indicated the presence of 
functional (filtering) and non-functional (non-
filtering) PCT in 4-5 day old rats and not in younger 
than these rats (97). This is compatable with the 
other observed functional activities (91, 97, 98). 
Further evidences regarding structural-functional 
correlationship during development and growth were 
provided by the concomitant changes observed in the 
cells e.g. size, shape, the size of nucleus, the 
numbers of the mitochondria, the lysosomes, the 
vacuoles, the endocytic vesicles and above all the 
surface area of basal, lateral and apical membrane as 
well as the diameter of the luminal cavity (83). The 
surface area of the membranes was found to be increased 
with age in functional nephrons compared to non-
functional nephrons (83). 
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(c) Development and maturation of functional conqx>nentB of 
proximal tubules : 
It is well established that BBM (the functional site) 
is composed of mostly glycoproteins of structural and 
functional importance (99, 100, 101, 102, 103). They 
are usually enzymes, channels, transporters (carriers), 
modulators, recepters for modulators among other 
structural and functional components (99, 100, 101, 
102, 104, 105). These components may also undergo 
postnatal development and maturation during growth. Any 
variations in such components may drastically cause the 
changes in the functional abilities of the kidney 
during the growth. Only scattered or unorganised 
(incomplete) information is available for above BBM 
components during postnatal development and growth 
(104, 106, 107). 
The structural components like specific marker 
enzymes of BBM in renal proximal tubules have found to 
be altered during growth and development (102, 108-
110). The specific activities of alkaline phosphatase 
(AlkPase), F-glutamyl transpeptidase (GGTase), leucine 
aminopeptidase (LAP), and maltase were found to be 
lower in the immature rats (36 h old) compared to adult 
rats (109). In another study, the specific activity of 
AlkPase in BBM of 21 d old rats was found to be higher 
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compared to 14 d old rats. However, no significant 
difference was observed in the activities of 
aminopeptidase and maltase in the same BBM preparations 
(102). The activity of GGTase in the BBM of 1-30 d old 
rats increased progressively in the age dependent 
manner but on the other hand the activity was observed 
to be decreased in the basolateral membrane at the same 
time (110). The activities of marker enzymes of BBM 
were also determined in fetal and adult rabbits and the 
results suggested that mature expression of membrane 
enzymes occurs at different stages of development of 
renal proximal tubular cells (108). The synthesis of 
glycoproteins in general was also found to be different 
in BBM isolated from young rats and adult mice (101). 
In regard to the metabolic activity of PT cells which 
provides energy to support transport functions, the enzymes 
related to carbohydrate metabolic pathways were determined 
in the kidney during the development (111) but not in the 
same study or in the same species. The activity of puruvate-
kinase (PK) and lactate dehydrogenase (LDH) of glycolysis 
were reported from late fetal age to the adult rat kidney by 
Burch et al. (112). The activities of the above enzymes were 
higher at birth compared to adult rats and were found to be 
related to the rapid differentiation and growth in the 
kidney structure to the high glycolytic activity (112). The 
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activity was higher in the medulla more specifically in the 
outer-stripe of outer medulla and in the papilla (113). The 
activity of LDH in the proximal convoluted tubule (PCT) was 
found to be five fold higher than the PK activity and 
remained higher throughout the development (112). The high 
activity of LDH and PK in the medullary structure was 
consistant with the high glycolytic activity in the outer 
and inner medulla (papilla) of the kidney (113). The enzymes 
of gluconeogenesis e.g. G-6-Pase and PEPCk were also 
determined during the development in the kidney (111). 
Other functional components of proximal tubular brush 
border membrane e.g. (transporters) had been studied in 
several species during postnatal period. The reabsorption of 
various ions and solutes in the renal proximal tubules has 
been observed to differ in neonate, young, growing and adult 
kidney (99, 102, 104, 107, 114, 117). It has been observed 
+ + 
that immature animals maintain a state of positive K , Na 
and Pi balance for optimum postnatal growth and development 
(118-120). The study of Zelikovic et al (121) has shown an 
+ + 
increased Na -H exchange activity during early life in rat 
+ 
that may contribute to positive Na balance in the growing 
+ + 
organism (121). However, a diminished Na -H antiport was 
demonstrated in BBMV from fetal rabbit kidney (122). It has 
+ 
been shown that Na -coupled transport of glucose (108) and 
amino acids (123) increases with age but the exact 
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mechanisms governing the developmental changes in tubular 
solute transport are unknown. It has been postulated, 
however, that the maturation of renal solute transport may 
+ 
be related to age dependent changes in Na movement across 
the luminal membrane (123, 124). The need for newborn, young 
growing animals/humans to maintain positive phosphate 
balance for proper growth is also well recognized (79, 80, 
118). A higher Pi transport across the BBM of proximal 
tubules was observed in newborn, growing animals/humans 
compared to adults despite the relative immaturity of the 
newborn kidney (102, 117). The enhanced reabsorption of Pi 
in young and growing animals was attributed to the intrinsic 
factors present in the BBM which may play a major role in 
the maintenance of positive Pi balance during development 
and growth (107). Further, Haramati has suggested that 
higher tubular Pi reabsorption in the newborn animals is the 
result of :-
1. Intrinsic changes in the intra renal handling of Pi, 
2. Hyporesponsiveness to phosphaturic stumuli, and 
3. Some other factors present during growth. 
Above proposition has been supported by the fact that 
the receptors of thyroid hormones and related metabolic 
activity are fully expressed in young growing rats (100, 
106, 125, 126). Further young rats were able to show a 
hyper-response to such positive Pi modulators e.g., T3/T4 
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and low Pi diet compared to adult rats (106, 127, 128). On 
the other hand, a lack of response to phosphaturic stimuli, 
the parathyroid hormones (PTH) and high dietary Pi intake, 
was observed in young growing rats compared to adults (99, 
104, 128). Above observations thus indicate that the 
retention of Pi during growth is the result most probably of 
multiple factors. 
It is clear from the above discussions that the changes 
in structural components and functional capacity of kidney 
occur during development and growth. It is well known that 
transport work (functional capacity) of kidney requires 
energy which is supplied by the hydrolysis of ATP. ATP is 
provided by the oxidative metabolism and substrate level 
metabolic proceses in the cells. The energy demand in 
animals may change during development and growth according 
to its utilization. Thus, it is possible that the enzymes of 
the metabolic processes (e.g. Glycolysis, TCA cycle etc.) 
may also undergo a change during growth of the animals 
together with other structural and functional components. 
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SCOPE OF THE THESIS 
The kidney is known to play an important role in the 
maintenance of fluid volume, composition and pH (acid-base 
balance) in mammals by virtue of reabsorption properties 
both in health and diseases (129). It is clearly indicated 
in adults that the kidney, both structurally and 
functionally, is a composite structure of several tissue 
organs rather than single homogenous organ (1). Major work 
function of the kidney is believed to absorb sodium ions (3) 
since reabsorption of several other ions and solutes depend 
+ 
on the reabsorption of Na by the kidney (3,4,5). In the 
adult kidney, the proximal tubule has been demonstrated to 
be the major nephron site where majority of the ions and 
solutes are reabsorbed (29,78) and in the proximal tubule, 
luminal brush border membrane (BBM) has been demonstrated to 
be the primary and rate limiting functional step 
(130,30,131). It has been also demonstrated that the 
reabsorption of ions and solutes in the kidney in general 
and in the proximal tubule at BBM step in particular are 
dependent on the expenditure of the energy provided by 
differential cellular systems involving various metabolic 
pathways such as glycolysis and TCA cycle etc. (2). The 
inter and intra-renal nephron (PT) heterogeneity contribute 
further to differential functional capabilities of the 
kidney, especially in the acute situations (132). 
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The kidney at birth is known to be immature with 
respect to both the structure and the function of its 
functional unit "the nephron" and especially the proximal 
tubule (25,28). The nephronal subsegments undergo specific 
postnatal structural and functional development and mature 
differentially during the growth (25,82-85,93). The 
development of the PT cell and its luminal brush border 
membrane in the neonate kidney has clearly been defined by 
the ultra-structural studies of Larsson and others (25,82-
86,88). It has been suggested by numerous investigators that 
the expression for the maturity of PT cells and the 
proteinic/glycoproteinic components of the BBM which 
includes various transporters, and enzymes etc. occurs at 
different stages of the development of the renal proximal 
tubules (101,104,106,107,108). 
It is well recognized that the maintenance of positive 
Pi balance in newborn and young-growing animals and humans 
ensures the proper growth and the development (118). The 
reabsorption of Pi has been reported to be different mostly 
in whole kidney in newborn and young animals compared to 
adults (114) and showed differential properties in response 
to certain stimuli and adaptive changes (50,51,100,133,134). 
The activities of the BBM enzymes such as AlkPase and GGTase 
etc. have also reported to be different in newborn and 
young-growing animals compared to adults (102,108,109,110). 
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Although the data on the renal handling of Pi or other 
solutes and ions in newborn and young-growing animals are 
available which is mostly based on the clearance studies 
(99,114,104,115,116). The information utilizing BBMV is very 
limited (102,117). Further, the studies were carried out in 
several different species and at different state of the 
development and maturation and the data is based mostly on 
whole animal than in the proximal tubules or in BBMV(s). 
Moreover, the correlative studies involving the structural 
and functional development and maturation were also not 
being done simultaneously and are very much lacking. It 
would be very important to carry out such studies for the 
better understanding of the functioning of the kidney not 
only in newborn and young-growing but also in adults both in 
health and diseases. Differences were also shown in the 
functioning of kidney in response to some specific hormonal 
and non-hormonal stimuli during the growth (107). 
In view of the above, the present work was designed and 
undertaken to study in detail in the same animal species at 
the same time (between 15-60 d and 90-120 d rats) of the 
developmental and/or maturational stage : 
(1) The distribution of the activities of various enzymes 
of metabolic importance especially related to energy 
metabolism (in particular glucose metabolism) in 
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various tissue zones of the kidney e.g., superficial 
and juxtamedullary cortex and inner stripe of outer 
medulla isolated from newborn, young-growing and adult 
rats was studied to establish any link between 
structural and functional aspects of the kidney. 
(2) In addition, the activities of some marker enzymes 
considered to be of functional importance of the 
luminal BBM of PT e.g., AlkPase, GGTase, and other 
organelles (e.g., lysosomes) were also determined in 
the above defined tissue zones and also in the BBMV(s) 
isolated from distinct kidney parenchyma during 
postnatal development and growth. 
(3) Transports of Pi (in particular) together with the 
transport of D-glucose were determined and was further 
characterized in the proximal tubular BBM during 
postnatal development and maturation isolated from SC 
and JM-cortex. 
(4) The effect of certain inhibitors (ASO4, PFA) and 
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stimulators (T3 and LPD) on Pi transport during the 
growth were also studied. 
Thus the characterization and elucidation of the 
structural and functional properties of various sub-
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populations of PT in general and BBM in particular in 
newborn, young-growing and adult animals is the central 
hypothesis of the present study which would further our 
knowledge regarding cellular mechanisms involved in the 
maintenance of positive balance of nutrients (ions + 
solutes) and the availability of energy to support them in 
the kidney during the growth. It is to be observed whether 
proximal tubules and their membranes from different cortical 
zones of the kidney develop and mature simultaneously or 
differentially. Also to be observed is that, how the 
different structural, metabolic and functional components 
are expressed during postnatal growth. 
The results obtained in the present study clearly 
indicate differential structural and functional patterns of 
various components in different proximal tubular 
subpopulations from the kidney of newborn, young-growing and 
adult rats. 
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MATERIALS 
Animals : 
Albino rats (wistar strain) of different age were 
purchased from Experimental Animal Facility Centre, AIIMS, 
New Delhi and Jamia Hamdard University, New Delhi. 
Subatrates of carbohydrate metabolJBin enzymes : 
D-Glucose-6-Phosphate for glucose-6-phosphate dehydro-
genase and glucose-6-phosphatase, sodium pyruvate for 
lactate dehydrogenase, oxaloacetate for malate 
dehydrogenase, L-malic acid for malic enzyme, fructose 1,6 
diphosphate for fructose 1,6 bisphosphatase, p-nitrophenyl 
phosphate for acid phosphatase were purchased from SRL, 
India. 
Substrates of marker BBM enzymes : 
p-nitrophenyl phosphate for alkaline phosphatase was 
purchased from SRL, India and T-glutamyl p-nitroanilide for 
r-glutaroyl transpeptidase were purchased from Sigma Chemical 
Co., USA. 
Radio chemicals : 
3 
Tritiated glucose ( H-Glc) and radioactive phosphate 
32 ( Pi) were purchased from BARC, India. 
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MiscellaneouB 
The Chemicals used were of finest quality conunercially 
available and their sources are indicated against them. 
Glass double distilled water was used in all experiments. 
CHEMICAL 
Acetic acid 
Ammonium Molybdate 
Bovine Serum Albumin 
Casein 
Cholesterol 
Choline chloride 
SODRCE 
E.Merck, India 
Glaxo, India 
Sisco, India 
CDH, India 
J.T. Baker Chemical Co., 
USA 
Loba, India 
Cocktail-T (Scintillation liquid) Sisco, India 
Copper Sulphate (CUSO4) 
Creatinine 
Cysteine Hydrochloride 
Di-potassium hydrogen ortho-
phosphate 
Ether 
Ferrous Sulphate <FeS04) 
Ferric Chloride (FeCl3) 
Folins Phenol Reagent 
Glycine 
N-2-Hydroxyethyl-piperazine 
N-2-ethane Sulphonic acid (HEPES) 
Hydrochloric acid (HCl) 
34 
6DH, India 
BDH, India 
Sigma Chemical Co., USA 
Qualigens, India 
E.Merck, India 
Ranbaxy Lab., India 
Ranbaxy Lab., India 
Loba Chemical Co., India 
E. Merck, India 
Sigma Chemical Co., USA 
E. Merck, India 
Magnesium Chloride (MgCl2) 
Mannitol 
Manganese Chloride 
Percoll 
Phosphonoformic acid (PFA) 
P-Nitroanilide 
P-Nitrophenol 
Perchloric Acid 
Picric Acid 
Potassium Chloride (KCl) 
Potassium Dihydrogen 
Orthophosphate 
Sodium arsenate (GR) 
Sodium Carbonate (Na2C03) 
Sodium Chloride (NaCl) 
Sodium Hydroxide (NaOH) 
Sodium Lauryl Sulfate (SDS) 
Sodium Potassium Tartarate 
Sucrose 
Sulfuric Acid (H2SO4) 
Tri-Chloroacetic Acid (TCA) 
Tri-iodothyronine (T3) 
Tris-base 
Vegetable oil 
Vitamin mixture 
Qualigens, India 
CDH, India 
Qualigens, India 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
Loba Chemical Co., India 
Qualigens, India 
Qualigens, India 
Glaxo, India 
Qualigens, India 
Romali,American Preparate 
Qualigens, India 
E. Merck, India 
E. Merck, India 
CDH, India 
Qualigens, India 
CDH, India 
Qualigens, India 
Loba Chemical Co., India 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
Anand Milk Producers Union 
Ltd., India 
Glaxo, India 
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EXPERIMENTAL PROCEDORES 
1. Animala : 
Albino rats (Wistar Strain) of either sex (Experimental 
animal facility centre, AIIMS, New Delhi, and Jamia Hamdard 
University, New Delhi) were grouped according to their age. 
A nucleus colony of the rats was also maintained in the 
laboratory and were stabilized on standard rat pellet diet 
(Amrut, Maharashtra, India) and ad Libitum of drinking tap 
water one week before the experiment. On the day of 
experiment, the rats from various age groups were sacrificed 
under light ether anesthesia, kidneys were removed, 
decapsulated and kept in ice cold buffered saline (154 mM 
NaCl, 1 mM Tris-HEPES, pH 7.5). The homogenates and BBMV(s) 
were prepared as described on following pages. Two 
millilitres of blood was withdrawn from left jugular vein 
for analysis of serum parameters before the sacrifice of the 
rats. 
2. Analysis of Serum Parameters 
The serum samples were deproteinated with 3% TCA in the 
ratio of 1:3. After an incubation for 10 min at room 
temperature the samples were centrifuged at 4000 rpm (Remi 
Centrifuge, India) for 10 min. The protein free supernatant 
was used to quantitate serum creatinine (Cr) and inorganic 
phosphate (Pi) and the precipitate was saved to quantitate 
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total phospholipid. Cholesterol was determined directly in 
the serum samples. 
(i) Quantitative Determination of Creatinine 
Creatinine was determined by the method of Levinson and 
MacFate (135). To 0.5 ml of the deproteinated serum 
supernatant 250 yl of 10% NaOH and 0.5 ml of saturated 
picric acid were added and incubated for exactly 20 min at 
room temperature. A calibration curve was simultaneously 
prepared using a known concentration of creatinine solution 
ranging between 2.0-50 vg. The samples and the standards 
were read at 520 nm in DU-40 Spectrophotometer (Beckmann, 
DSA) against a reagent blank. 
ii) Determination of Inorganic Phosphate : 
The inorganic phosphate (Pi) was measured in protein 
free (TCA precipitated) serum supernatant by the method of 
Tausky and Shorr (136). The serum supernatant (1 ml) was 
diluted to 3 ml with glass distilled water and 2 ml FeS04 
reagent (5 gm FeS04 was dissolved in 10 ml 10% (w.v) 
ammonium roolybdate in 10 N H2SO4 and was diluted to 100 ml 
with glass distilled water) was added. A calibration curve 
was prepared simultaneously with test samples using the 
known concentration of KH2PO4 (0.018 ymoles to 0.28 ymoles). 
The blue colour obtained was read at 820 nm after 20 min 
incubation at room temperature in Spectronic 20 
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Spectrophotometer (Bausch and Lomb) against a reagent blank. 
(iii)Quantitative Determination of Phoapholipids : 
Phospholipids are determined in the serum TCA-
precipitates by the method of Bartlet (137) as modified by 
Marinetti (138). The precipitates were digested with 1 ml 
70% perchloric acid on an electric digestion unit. On 
cooling to room temperature 3 ml of glass distilled water 
was added. The phosphate (inorganic) released was estimated 
by adding 2 ml of FeS04 reagent by the method of Tausky and 
Shorr (136) as described above in Pi estimation. The 
phospholipid values were obtained after multiplying the 
phospholipid phosphorus by a factor of 25. 
(iv) Quantitative Detemiination of Cholesterol : 
Cholesterol was estimated by the method of Zlatkis et 
al (139). To 3 ml acetic acid, 30 yl of serum sample was 
added. To this, 2 ml of FeCl3 reagent (prepared by diluting 
1 ml of 10% FeCl3 (w/v) in glacial acetic acid to 100 ml of 
concentrated H2SO4) was added carefully from the side to 
allow the formation of a brown ring. The samples were shaken 
thoroughly, cooled and colour density was read in a Bausch 
and Lomb Spectronic 20 Spectrophotometer at 560 nm against a 
reagent blank. A calibration curve was simultaneously 
prepared using known concentration (0.02 to 0.2 mg) of 
cholesterol. 
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3. Preparation of Kidney Homoqenates for the Deterniination 
of Metabolic Enzymes 
For kidney homogenate preparation, 8 rats (15-20 day 
old), 6 rats (35-40 day old), 5 rats (55-60 day old) and 4 
rats (90-120 day old) were taken in each experiment unless 
otherwise mentioned. The kidneys of rats from each group 
were quickly removed, decapsulated, and kept in ice cold 
buffered saline. 
The superficial (SO, juxtamedullary (JMC) and 
medullary (M) tissues were carefully separated as described 
by Yusufi et al (100). The SC, JMC and medullary tissues (M) 
were homogenized in 0.1 M Tris-HCl buffer, pH 7.4 at 4*C in 
a Potter-Elvehjem horoogenizer fitted with Teflon pastle to 
give 15% (W/V) homogenate. The homogenate was centrifuged at 
800xg at 4*C for 10 min to remove cell debris. The 
supernatant thus obtained was used for enzyme assays. 
4. Brush Border Membrane (BBM) Preparation 
For brush border membrane vesicles preparation, 16 rats 
(25-30 days old), 11 rats (50-55 days old), 8 rats (90 days 
old) and 6 rats (>120 days old) were taken in each 
experiment or as mentioned in the Results. The cortical 
tissue was carefully separated from superficial cortex and 
juxtamedullary (JMC) cortex for the preparation of BBMV from 
superficial (SC) and JMC-cortex as described by Yusufi et al 
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BBMV-SC 
BBMV-JM 
CORTEX 
MEDULLA 
PAPILLA 
F i g . 3 Anatomical parts of the kidney 
longitudinal view. - A 
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(100). In brief, the cortical part of the rat kidney was cut 
by razor blade in the middle of the cortical thickness (Fig. 
3) between the kidney surface and corticoroedullary junction. 
The juxtamedullary part of the cortex was carefully 
separated from the superficial cortex. The outer cortical 
zone, superficial cortical tissue ("SC-Tissue") was used as 
a starting material for BBMV-SC preparation. Since, in rat 
kidney, straight portions of the proximal tubules dip beyond 
the corticoroedullary junction, the outermost layer of 
adjacent medulla (outer stripe of outer medulla) was 
included to juxtamedullary cortical tissue ie "JMC-tissue" 
(140). 
The BBM vesicles (BBMV) from superficial cortex (BBMV-
SC) and BBMV from juxtamedullary cortex (BBMV-JMC) of the 
kidneys belonging to different comparing groups were 
prepared simultaneously by the method of Schimitz et al 
(141) using MgCl2 for precipitation of membranes other than 
BBM as described by Yusufi and Dousa (27) (Fig. 4). In each 
experiment, tissues from all the rats belonging to same 
group were pooled to obtain a sufficient amount of starting 
material. All the steps involved were strictly carried out 
at 0-4*C unless otherwise specified. 
a) The cortical tissue for the preparation of BBMV from SC 
and JMC cortex was homogenized in a buffered solution 
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containing 50 mM mannitol. Five mM Tris base/HEPES, pH 
7.0 (5 ml/g tissue) with four complete passes by 
Potter-Elvehjem homogenizer. 
b) The homogenate was diluted with the above solution (20 
ml/g tissue) followed by high speed homogenization 
(Ultra-Turrex T25f IKA-Laportechnik) with three strokes 
of 30 S each with 30 S interval in between each pulse. 
Aliquots of cortical homogenates were saved and quickly 
frozen for further analysis. 
c) 1 M MgCl2 was added to the homogenate (final cone. 10 
mM) and was kept for 20 min. with intermittent shaking. 
d) The homogenate was then centrifuged at 2000xg (4000 
rpm) for 10 min in a Beckman J2-21 refrigerated 
centrifuge using JA-17 rotor. 
e) The pellet was discarded and the supernatant was 
recentrifuged at 35000xg (17000 rpm) for 30 min. 
f) The pellet thus obtained was resuspended in a solution 
containing 300 mM mannitol, 5 mM Tris-base/Hepes pH 7.5 
with four passes by a loose fitting Dounce homogenizer 
(Wheaton, USA) and centrifuged at 35000xg (17000 rpm) 
for 20 min in 15 ml Corex glass tube using JA-20 rotor. 
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RAT RENAL CORTEX 
CORTICAL 
HOMOGENATE 
50 mM MANNITOL 5 nun 
TRIS-HEPES, pH 7.0 
HIGH SPEED HOMOGENIZATION 
(Ultra-Turrex) 
BBMV IN 
HOMOGENATE 
+ 2 
PEL 
Mg PRECIPITATION & CENTRIFU-
GATION AT 2000 X g FOR 10 MIN, 
,ET 
BBMV IN 
SUPERNATANT 
DISCARDED 
BBMV PDRIFICATION 
BY CENTRIFUCATION 
AT 35000Xg FOR 30 
MIN. 
BBMV 
SUSPENDED IN 300 
mM MANNITOL 5 mM 
TRIS-HEPES,pH 7.4 
Fig. 4 : Schematic representation of BBMV Preparation 
from rat renal cortex 
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g) The white outer portion of the fluffy pellet was 
resuspended carefully in a small volume of buffer 300 
mM roannitol, leaving the dark brown centre of the 
pellet undisturbed (mitochondrial contamination). 
h) The steps f and g were repeated twice and the final 
pellet was resuspended in a small volume of buffered 
300 roM mannitol. 
The suspension thus obtained was homogenized by hand 
held Douncer or passed through a needle no. 21. The membrane 
suspension was quickly frozen in small aliguots and used for 
protein and enzyme analysis while the transport of solutes 
was carried out in fresh BBMV preparations. 
5. Preparation of BBMV by differential and Percoll-density 
gradient centrifugation 
For brush border membrane vesicles preparation by 
differential centrifugation combined with Percoll-density 
gradient centrifugation, 9 rats (15-20 d old), 5 rats (45-50 
d old) and 3 rats (90-120 d old) were taken in each 
experiment. Whole cortical tissue (WC) was carefully 
separated and the membranes were prepared as described 
elsewhere (140). In brief, the cortical part of the kidney 
was cut into two halves and the whole cortex (WC) was 
separated from medullary portion. The cortical tissue was 
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Cortical Homogenate 
I 
1000 X g, 10 min 
I I 
Pell-1 Sup-1 
j 10000 X g, 10 min (2x) 
Pell-2 Sup-2 
I 
17000 X g, 20 min 
Pell-3 Sup-3 
Rususpended 
(Sucrose-Tris-HCl, pH 7.5) 
I 
5000 X g, 10 min 
Pell-4 Sup-4 
20% Percoll 
I 
I 100000 X g, 60 min 
I 
0.5 ml fractions were 
collected from the 
bottom of the tube 
Fig. 5. Fractionation scheme for preparation of BBMV from 
rat renal cortex by combination of differential 
and density gradient (Percoll) centrifugation 
procedure. 
45 
first homogenized by a Polytron homogenizer in a medium 
containing 250 mM Sucrose and 10 mM Tris-HCl (pH 7.4) fey 5s 
bursts, repeated four times with 10s intervals. BBMV 
fractions were then isolated by differential and density-
gradient centrifugation according to the procedure described 
by Hittleman et al (142), and outlined in Fig. 5. 
First, the homogenate (10% wt/vol) was centrifuged at 
lOOOxg for 10 min. The pellet was washed once, and the 
resulting supernatants (Sup-1) were centrifuged at 10,000xg 
for 10 min. The 10,000xg pellet was washed once and this 
step was repeated one more time and the combined 
supernatants (Sup-2) were centrifuged at 17,000xg for 20 
min. The final pellet (Pell-3) was suspended in 5-6 ml of a 
medium containing 250 mM sucrose, 10 mM Tris-HCl (pH 7.4) 
and treated with 15 strokes of a tight fitting Teflon-glass 
homogenizer. The resulting suspension was aspirated 3 times 
through a 22-gauge needle and centrifuged at 5000xg for 10 
min to remove any remaining aggregates. 
The remaining suspension of BBM fractions (Sup-4) were 
further separated by Percoll density-gradient centrifugation 
as outlined by Mamelok et al (143). A 5 ml suspension of the 
Sup-4 membrane fraction (0.9 mg/ml protein), prepared as 
described above, was mixed with 8 ml of Percoll (Sigma) and 
27 ml of buffer to give a final Percoll concentration of 20% 
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(v/v). 38 Ml of the membrane - Percoll mixture was 
ultracentrifuged in a Beckman 60 Ti angle-rotor and the 
density-gradient fractions formed were recovered from the 
bottom of the tube by immersing a stainless steel capillary 
tube connected through a peristaltic pump. Fractions (0.5 
ml each) were sequentially collected, and the BBM enzyme 
activities, as well as protein contents were determined in 
the individual fractions. 
6. Enzyme Assay 
All enzymes were assayed at zero order kinetics unless 
otherwise specified. The activities of each enzyme from 
various comparing groups were determined simultaneously 
under similar conditions by using same solutions to avoid 
day to day experimental variations. One unit of enzyme 
activity is expressed as the amount of enzyme required to 
catalyze the formation of one vmole of product per minute or 
per hour under the specified experimental conditions. 
Specific activity is defined as the enzyme units per mg of 
enzyme protein. 
(a) Assay of Enzymes of Carbohydrate Metabolism 
Measurements of extinction changes were carried out in 
Calbiometer (Calbiochem, USA) fixed for 340 nm. The 
substrates were neutralized to pH 7.4 prior to use. The 
rates of changes in the extinction values were noted both 
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for the period prior to the addition of the substrate as 
well as for the period of actual enzymic reaction following 
the addition of substrate. The net reaction rate was 
calculated from the difference between the two changes in 
extinction. All assays were performed under zero order 
kinetics at room temperature (28" ± 2) in a reaction volume 
of 3.0 ml. 
(i) Lactate dehydrogenaBe (L-Lactate: NAD oxidoreductase; 
LDH; E.G. 1.1.1.27) : The activity of LDH was measured 
by the method of Romberg (144). The reaction mixture 
in a total volume of 3 ml contained Tris-HCl buffer, pH 
7.4, 150 ymoles; MgCl2 10 ymoles; Sodium pyruvate 5 
ymoles; NADH 0.24 ymoles and 4.0-6.0 ygm protein. The 
activity was measured as pyruvate dependent NADH 
oxidation to NAD for 5 min at 340 nm ( ^ = 6.22 mM 
cm ) in Calbiometer (Calbiochem, USA). 
(ii) Malate Dehydrogenase (L-malatc: NAD oxidoreductase; 
MDH; E.G. 1.1.1.37) : The activity of MDH was measured 
according to the method of Meyer et al (145). The 
reaction mixture in a total volume of 3 ml contained 
Tris-HCl buffer pH 7.4, 100 ymoles; Oxaloacetate (OAA, 
pH neutralized to 7.4) 2.5 ymoles; NADH 0.24 ymoles and 
2.0-3.0 ygm protein. The activity was measured as OAA 
+ 
dependent NADH oxidation to NAD for 5 min at 340 nm 
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( ^ = 6.22 mM-lcm-1) in Calbiometer (Calbiochem, USA). 
(iii)Malic Enzyme (L-malate: NADP oxidoreductase; ME; E.C. 
1.1.1.40) : It was assayed^according to the method of 
Ochoa et al (146). The reaction mixture in a total 
volume of 3 ml contained Tris-HCl buffer, pH 7.4, 100 
pmoles; MnCl2 10 ymoles; L-malic acid (pH neutralized 
to 7.4) 5 vmoles; NADP , 0.24 ymoles; and 0.6-1.2 mg 
enzyme protein. The activity was measured by monitoring 
+ 
the malic acid dependent reduction of NADP to NADPH 
for 5 min at 340 nm ( t = 6.22 mM cm ) in Calbiometer 
(Calbiochem, USA). 
(iv) Gluco8e-6-pho8phate dehydrogenase(D-qlucose-6-phosphate 
NADP oxidoreductase; G6PDH; E.C. 1.1.1.49) : G6PDH was 
assayed according to the method of Shonk and Boxer 
(147). The reaction mixture in a total volume of 3 ml 
contained Tris-HCl buffer pH 7.4, 150 ymoles; MgCl2 10 
+ 
ymoles; Glucose-6-phosphate 5 ymoles, NADP 0.24 
ymoles; and 0.6-1.2 mg enzyme protein. The activity was 
measured by monitoring the G-6-P dependent reduction of 
+ , -1 -1 
NADP to NADPH for 5 min at 340 nm ( ^ = 6.22 mM cm ) 
in Calbiometer (Calbiochem, USA). 
(v) Glucose-6-phoBphat.ase (D-glucose-6-phosphate phosphohy-
drolase; G6Pase; E.C. 3.1.3.9) : It was assayed 
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according to the method of Shull et al (148). The 
reaction mixture in a total volume of 1.5 ml contained 
Tris-HCl buffer pH 7.4, 50 ymoles; MgCl2 10 ymoles; 
Glucose-6-Phosphate 10 ymoles and 2-3 mg protein. The 
reaction was carried out at 37'C and stopped with 1 ml 
of 10% TCA after 60 min. The samples were centrifuged 
at 4000xrpm (Remi Centrifuge, India) and the phosphate 
released was estimated in the protein free supernatant 
by the method of Tausky and Shorr (136). 
(vi) Fructose 1,6 biBphosphataae (D-fructose-1,6-diphosphate 
1- phosphohydrolase; FBPase; E.G. 3.1.3.11) : It was 
assayed according to the method of Freedland and Harper 
(149). The reaction mixture in a total volume of 1.5 ml 
contained Tris-HCl pH 8.4, 50 ymoles; MgCl2 10 ymoles; 
Cysteine-HCl 12 ymoles; F-1,6-DP 10 ymoles; 0.6-0.8 mg 
protein. The reaction was carried out at 37'C and was 
stopped with 1.0 ml 10% TCA after 60 min. The samples 
were centrifuged at 4000xrpm (Remi Centrifuge, India) 
and the phosphate released was estimated in protein 
free supernatant by the method of Tausky and Shorr 
(136). 
(b) Assay of the Marker Enzymes Belonging to Luminal BBM or 
Other Organelles 
The activities of each enzyme in SC, JMC and medullary 
50 
(M) homogenates and in BBMV-SC, BBMV-JMC and CH of 
various comparing groups for each experiment were 
determined simultaneously under similar conditions by 
using same solutions to avoid day to day experimental 
variations. Aliquots of CH and BBM were diluted with 10 
mM Tris-HCl buffer, pH 7.5 to obtain suitable enzyme 
protein concentration. 
(i) Alkaline Phosphatase (AlkPase) (EC - 3.1.3.1) : The 
activity of alkaline phosphatase in SC, JMC and 
medullary homogenates and in BBMV-SC and BBMV-JMC was 
determined according to the method of Shah et al (150) 
as described by Kempson et al (151). 
Procedure : 
Aliquots of kidney homogenates and of BBMV-SC and BBMV-
JMC were diluted with 10 roM Tris-HCl buffer pH 7.5 to obtain 
suitable enzyme protein concentrations for assaying the 
enzyme. The reaction mixture contained : 1.4 ml assay 
buffer; 100 yl enzyme (35 vgm protein for kidney homogenates 
and 4-8 wgm protein for BBMV) . The reaction was started by 
the addition of 15 j*l p-nitrophenyl phosphate (final cone. 
5.8 mM) and incubated at 30'C for the required time (5-20 
min). The reaction was stopped by adding 50 yl 5 N NaOH. A 
calibration curve was prepared simultaneously by using 
various concentrations of p-nitrophenol (0.01-0.20 ymoles). 
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A reagent blank was also prepared. The substrate and the 
stopping solution was also added in tubes containing 
standards and blank. The yellow color developed was read at 
405 nm in Spectronic-21 spectrophotometer (Bausch and Loinb) . 
(ii) r-Glutamyl Transferase (GGTase) (EC-2.3.2.2) Assay; The 
activity of T-Glutamyl transferase in kidney 
homogenates and BBMV-SC and BBMV-JMC was determined 
according to the method of Glossmann and Neville (152) 
as described by Kempson et al (153). 
Procedure : 
The preparation of kidney homogenates and BBMV(s) were 
diluted with 10 roM Tris-HCl buffer, pH 7.5 to obtain 
suitable enzyme protein concentrations for assaying the 
enzyme. The reaction was started by the addition of 100 yl 
enzyme (17 vgm for kidney homogenates and 2-4 ygm protein 
for BBMV) to 1.9 ml substrate buffer (20 mM MgCl2, 2 mM. T-
glutamyl p-nitroanilide, 4 roM glycylglycine, 100 mM Tris-
base pH 8.2) and incubated at 37"C for the required time (3-
15 min). The reaction was stopped by adding 100 yl 15 M 
acetic acid. A calibration curve was prepared simultaneously 
by taking various concentrations of p-nitroaniline (0,025-
0.20 ymoles). The yellow colour developed was read at 405 nm 
in Spectronic-21 spectrophotometer (Bausch and Lomb). 
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(iii)Acid Phoaphataae (APaae) ABsay : The activity of acid 
phosphatase was determined in kidney homogenates (SC-H and 
JMC-H) and BBMV(s) by the method of Verjee et al (154). 
Procedure : 
Aliquots of kidney homogenates, and BBMV's were diluted 
with 10 roM Tris-HCl buffer, pH 7.5 to obtain suitable 
enzyme protein concentrations for assaying the enzyme. The 
reaction mixture contained : 2.4 ml acetate buffer pH 4.5; 
100 yl enzyme (35 yg in kidney homogenates and 35-50 vg in 
CH and BBMV). The reaction was started by the addition of 
0.5 ml p-nitrophenyl phosphate (final cone. 0.8 mM) and 
incubated for 15 min at 37"C. The reaction was stopped by 
adding 2 ml 2 N NaOH. A calibration curve was prepared 
simultaneously by using various concentrations of p-
nitrophenol (0.01-0.2 ymoles). A reagent blank was also 
prepared. The substrate and the stopping solution was also 
added in the tubes containing standards and blank. The 
yellow color developed was read at 405 nm in Spectronic-20 
spectrophotometer (Bausch and Lomb). 
7. Protein Estimation 
Protein was assayed by a modified method of Lowry et al 
(155) as described by Shah et al (150). 
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Procedure : 
Aliquots of kidney homogenates and BBMV(s) were mixed 
with 0.5% SDS upto 0.8 ml. To each tube, 2 ml of alkaline 
copper reagent was added and exactly after 10 min of 
incubation at room temperature, 0.2 ml of Folin's reagent 
was added with brisk shaking. The tubes were incubated for 
30 min at room temperature. The blue colour developed was 
read at 660 nm in Spectronic-21 spectrophoto-meter (Bausch 
and Lomb). Aliquots of standard BSA (5-80 ygm) in 0.5% SDS 
were also taken and run simultaneously. A tube containing 
only 0.5% SDS without protein sample was used as blank. The 
amounts of protein in CH and BBMV were determined from the 
calibration curve prepared by standard protein. 
8. Transport 
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Measurement of phosphate ( Pi) or D-[ Hi-Glucose 
(BARC, India) uptakes in brush border membrane vesicles was 
carried at 25'C by rapid filteration technique as described 
by Yusufi et al (140) either in the presence or absence of 
Na-gradient. Uptake was initiated by addition of 30 yl 
incubation medium (NaCl/KCl 100 mM, 5 mM Tris-HEPES, pH 7.5, 
5 mM K2HPO4/O.O5 mM D-glucose (final concentrations) and 
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radioactive substrate Pi/D-[ H]-glu) to 15 yl BBM 
suspension (50-100 yg protein) and incubated for desired 
time intervals (see "Results"). At the end of incubation 
period the uptake was stopped by rapid addition of 3 ml ice 
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cold stop solution (delivered by a Cornwall Syringe type 
pipette) containing 135 mM NaCl, 5 mM Tris-HEPES with (for 
Pi uptake) or without (for glucose) 10 mM sodium arsenate, 
pH 7.5 and filtered immediately through 0.45 vm DAWP 
millipore filters and washed 3 times with the same ice cold 
stop solution. The value of the corresponding blank obtained 
by filteration of the incubation medium without vesicles was 
subtracted. The radio-activity of the dried filters was 
measured by liquid scintillation counting (Rackbeta, LKB, 
Wallac) with 10 ml scintillation fluid ("Cocktail-T", SRL, 
India). 
9. Preparation of Low Phosphorous Diet <LPD) 
The LPD containing 0.07% phosphates was prepared in the 
laboratory, the composition of which is similar to the 
commercially available low phosphate diet of ICN 
Pharmaceuticals Inc., Cleveland, Ohio. The LPD contained (in 
gm %) sucrose 66, casein 20, salt mix (1.02% NaCl; 0.53% 
KCl; 0.305% MgS04; 0.103% iron citrate; 1.02% CaC03 and 
0.014% cupric sulfate) 4, vitamin mixture (Glaxo, India) 0.4 
and vegetable oil 10. The normal phosphorous diet (NPD) was 
prepared by supplementing with a mixture of sodium and 
potassium phosphates (ratio of monobasic : dibasic salt was 
1:4) to a final content of 0.7% (w/w) phosphorous, as 
described by Kempson et al (156). 
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10. Preparation of Thyroxine (T3) for Treatment 
4.37 mg T3 was dissolved in 10 ml, NaOH (10 mM), 10 ml 
Tris (5 mM) in 1.8% NaCl was added to the T3 solution. The 
pH was slowly adjusted to 9.4+0.1 with 0.1 N HCl. The 
solution was diluted to 25 ml with a mixture of above 
solution (10 ml 10 mM NaOH, 10 ml 5 mM Tris in 1.8% NaCl pH 
9.4±0.1) which was used as vehicle for control rats. 
11. Animal Protocol For LPD and T3 Treatment 
Three different group of rats of ages 20-25 d, 45-50 d 
and 90-120 d old were placed simultaneously on the different 
dietary regimens and throughout the experiment all groups 
were studied in parallel. The animals were first stabilized 
on NPD for seven days. After day 7, the animals in each 
group were further divided into three sets (8 rats in each 
set for GP-I, 5 rats in each set for GP-II and 4 rats in 
each set for GP-III) and the allocation of animals was 
adjusted so that at this time the animals in the respective 
sets did not differ in body weight and or urinary Pi. The 
rats were then fed with specified diets for seven days (Fig. 
6). Set-1 of each group received NPD + Injection of vehicle. 
Set- 2 received NPD + T3 (according to body weight of the 
rat so that final concentration is 100 jig/100 gm body 
weight) Set-3 received LPD + Injection of vehicle 
intraperitoneally. 
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Group I 
Groop II 
Group III 
Set I HPD • vehicle 
Set 2 LPD * vehicle 
Set 3 NPD * T3 
-"h-r-^ 
1 2 3 4 5 6 7 S 9 10 11 12 13 14 15 
Transport 
lidneyg B B M V s — / 
DAIS 
Fig. 6 Schematic representation of LPD and T3 treatment. 
Age as on the day of sacrifice Group I (25-30 d old). Group 
II (55-60 d old) and Group III (90-120 d old). 
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On the day of experiment the rats were sacrificed and 
BBMVs from whole cortex were prepared as described above. 
The cortical tissue or whole cortex was carefully separated 
for BBM preparation as described by Yusufi et al (140). 
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Transport of Pi in BBMV was studied by rapid filteration 
technique as described earlier in "Method". 
Statistical Analysis 
Unless specified all experiments were repeated atleast 
3 times to document reproducibility and to evaluate. All 
data are expressed as Mean+SEM (at least for three separate 
experiments). When appropriate, statistical evaluation was 
used and conducted employing Student's (group) t-test. 
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R E S U X ^ O T S A . N D D X S O U S S X O N 
< E>A.RT —X > 
RESULTS-I 
In view of known structural and functional immaturity 
of the kidney at birth and subsequent development and 
maturation of various nephronal subsegments located in 
different tissue zones of the kidney, rats of variable ages 
of 15-20 d (newborn), 30-35 d and 55-60 d (young growing) 
and 90-120 d (adults) were used in the present study unless 
otherwise specified : 
1. To examine the structural development and maturation of 
the nephrons in general, certain enzymes related to 
carbohydrate metabolism and those of BBM and lysosomes 
were determined in the same homogenates under similar 
conditions, prepared from superficial (SO and 
juxtamedullary (JMC) cortical tissue and were compared 
to that of medullary (M) tissue (See Results and 
Discussion Part-I for details). 
2. To examine the structural development of the proximal 
tubules especially its BBM in particular certain marker 
enzymes of BBM(s) and contaminant organelles were 
determined and further characterized in the homogenates 
as well as in the BBMV(s) isolated from superficial 
(SO and juxtamedullary (JMC) cortex (See Results and 
Discussion Part-II for details). 
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3. Finally to examine the functional development and 
maturation <a) transport of inorganic phosphate (Pi) 
and D-glucose in the BBMV-SC and BBMV-JMC isolated from 
different age groups of rats (as mentioned above) was 
determined, (b) characterization of Pi uptake under 
different conditions and in response to certain stimuli 
was done during the growth. (See Results and Discussion 
Part-III for details). 
EnzyaieB of Carbohydrate Metaboliam 
The present studies are carried out to determine 
structural and functional maturation of various sub-
populations of proximal tubules located either in 
superficial or deep renal cortex during growth and 
develo^mient. The activities of various enzymes related to 
carbohydrate metabolism, enzymes of brush border membranes 
and other enzymes of relevent importance were determined in 
the homogenates prepared from superficial (SC-H), and 
juxtamedullary cortical tissue (JMC-H) and medullary tissue 
(M-H) (see Methods for details) from rat kidneys of varying 
ages ; new born (15-20 d); young and growing (35-40 d & 55-
60 d); and adult rats (90-120 d) unless otherwise indicated. 
(a) General obaervations 
The results in Table-1 summarizes the age, body wt., 
kidney wt., and tissue wt. of four groups of rats of varying 
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TABLE - 1 
The changes in Body weight, SC and JM cortical and Medullary 
tissue weight during the develoEnnent and grotrth 
1 
IGroop of 
1 laU 
1 ^^ 
1 Gil 
1 GUI 
1 GIV 
ige 
( i i days) 
15-20 
35-49 
55-6t 
91-120 
Ro. of 
tats 
(for 
each 
expt.) 
8 
6 
5 
4 
1 
Body Height 
I (918) 
|ll!0.707 
1*54.1612.23 
87.8812.67 
|'l47.6t5.99 
lidney Height 
(gi/rat) 
0.24310.013 
'0.59910.011 
'0.9371I.OO8 
1.I871I.044 
SC-Cortei Ht. 
(gi/rat) 
O.O8I1O.OO4 
V2S81O.OO56 
V3251O.OO53 
0.49510.0835 
Jli-Cortei Ht. 
(gi/rat) 
0.09410.004 
0.28310.012 
0.39110.007 
V5O41O.OOI7 
Medulla Height 
(gi/rati 
0.0510.009 
0.09410.008 
8.15110.001 
0.18710.809 
1 
lidaey Ht./ 
Body Ht. Batio 
0.022 1 
S.OU j 
0.010 j 
8.008 1 
Results are MeantSEM of 3 separate experiments (n = 3). 
* 
Significantly different at P < 0.05 from 15-20 d old rats 
by group t-test. 
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TABLE - 2 
Serum Parameters in different age group of rats 
1 
1 Group 
125-30 
Iday old 
150-55 
Iday old 
|90 
Iday old 
CREATININE 
(vg/ml serum) 
20.16*0.49 
21.llt0.57 
21.14*0.81 
INORGANIC 
PHOSPHATE 
(vmol/ml serum) 
1.50+0.017 
1.25*0.026 
*1.28±0.027 
PHOSPHOLIPIDS 
(ug/ml) 
330.80*6.03 
326.68*7.51 
315.07*6.88 
1 
CHOLESTEROL 
(mg/ml) 1 
1.86*0.13 1 
1.84*0.13 1 
1.83*0.07 1 
The results are expressed as MeanlSEM for three separate 
experiments (See 'Methods' for details). 
Significantly different from 25-30 d old rats (P < 0.05) by 
group t-test. 
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ages that entered in the study siinultaneousely, as described 
above. There was an age dependent increase in the body, the 
kidney, cortical and medullary tissue weights. A sharp 
increase was observed in all of the above parameters in 35-
40 d rats compared to 15-20 d rats, followed by a steady 
increase thereafter with increasing age. However, changes in 
the kidney, cortical and medullary tissue weights were 
slowed down in adult rats compared to 55-60 d rats. These 
observations indicate that most of the development and 
increase in the body weight as well as addition of renal 
tissue occured in first 4-5 weeks of postnatal life. 
The serum levels of creatinine, phosphate, 
phospholipids and cholesterol were determined in the rats of 
different age groups as indicated during growth and 
development. As can be seen in Table-2, the concentrations 
of creatinine, phospholipids and cholesterol in serum were 
not changed with respect to the increase in the age of the 
rats. However, serum Inorganic phosphate (Pi) level was 
significantly higher in 25-30 d rats compared to 55-60 and 
90 d rats, suggesting differential handling of Pi by the 
kidney during the growth. 
(b) Enzyes related to carbohydrate metabolism 
To study the variation in the metabolic activity of 
kidney with respect to increase in the age of rats, the 
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TABLE - 3 
Lactate dehydrogenase (LDH) activity in the homogenates of 
SC, JMC and Medulla isolated from rat kidney during 
postnatal develo^mient and growth 
I I 1 1 1 
1 1 SC-Hoiogenate 1 JMC-BoiogeDate NedulJa HoiogeBate 1 
1 l a i i 1 1 1 i 
1 GSWP 1 IDB-activity 1 Percent change IDB-activit; 1 Percent change 1 LDH-activit; 1 Percent change 1 
between groups betveen groups betHeen groaps 1 
1 Grosp I 1 37.44t0.126 | | 39.06i0.084 | | 62.78t3.39 | | 
1 15-20 dai old | | | | | | | 
1 Gronp II j 58.92t2.16 | * 57.4 | 44.64t0.762 | * 14.3 | 95.28i0.126 { * 51.5 | 
1 35-40 day old | | | | | | | 
1 Group III 1 52.6512.9 | - 10.6 | 51.48t0.513 | * 15.3 | 83.70t0.636 | - 11.88 | 
1 55-60 day old | | | 1 1 | | 
1 Gronp IV | 42.78tl.61 | • 18.7 | 37.lltl .08 | - 27.9 | 73.98tl.968 } - 11.6 1 
1 90-120 day old 1 | | | | | | 
The results (specific activities: ymol/mg protein/hr) are 
expressed as MeaniSEM for 3 separate experiments 
* 
Significantly different from GI (P < 0,05) by group t-test. 
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a 
B 
o 
100 
a. 
50-
SC 
• • MEDULLA 
15 - 20 d 35 - 40 d 55 - 60 d 90-120 d 
Significantly different from 15-20 d rat at p<0.05 
Fig. 7 . Specific activity of LDH in renal SC, JMC and 
•edullary hoaogenates for different age group 
of rats. 
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activities of various enzymes related to carbohydrate 
metabolism (glycolysis, gluconeogenesis, citric acid cycle 
and enzymes of biosynthetic importance) were determined in 
homogenates of superficial (SC-H) and deep cortex (JMC-H) 
and compared with those of medullary homogenates (M-H). As 
shown in Table-3 (Fig. 7), the specific activity of lactate 
dehydrogenase (LDH) was found to be higher in M-horoogenates 
of rats of all age groups compared to the homogenates of 
both SC and JM cortex. Whereas the activity of LDH was 
similarly distributed in SC-H and JMC-H of new-born rats 
(Group I). The activity of LDH was sharply increased (57%) 
in SC-H of 35-40 d rats compared to 15-20 d rats and then 
slowly lowered in other age groups of rats, but remained 
higher in adult rats compared to young growing rats. On the 
other hand the activity of LDH in JMC-H was increased 
progressively but at a slower rate upto the age of 55-60 
days and then declined significantly to the level observed 
in the new born rats (Table-3, Fig. 7). The activity of LDH 
in M-H was similarly increased as in SC-H and maximum 
activity was observed in 35-40 d rats compared to all other 
group of rats. 
As shown in Table 4 (Fig. 8), the activity of MDH, a 
representative of TCA cycle was evenly distributed in M-H, 
SC-H and JMC-H in 15-20 d rats. The activity of MDH was 
significantly increased (63%) in M-H in 35-40 d rats 
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TABLE - 4 
Malate dehydrogenase (MDH) activity in the homogenates of 
SC, JMC and Medulla isolated from rat kidney during 
postnatal development and growth. 
I I 1 1 1 
1 1 SC-BoBogenate 1 JNC-HoiogeDate i Medulla BoMgenate 1 
1 1 a i i 1 i 1 i 
1 GROUP 1 NDB-activity i Percent change i HDH-activity 1 Percent change 1 HDH-activitj i Percent change 1 
between groups betveen groups betveen groups 
1 Group I 1 164.34!4.70 | | 149.16t0.678 | | 137.4t9.3 | | 
1 15-21) day old 1 | | | | | | 
1 Group II 1 177.9it.27 | * 8.25 | 177.7*8.37 | * 19.15 | 223.92!l8.7 | * 62.96 | 
1 3S-48 day old 1 | | | | | | 
1 Group III 1 171.2il2.8 | - 3.8 | 193.2t2.07 | * 24.8 | '217.7t8.0 | - 2.7 | 
1 55-60 day old 1 | | | | 1 | 
1 Group IV 1 154.9!4.09 | - 9.5 | 141.9il.48 | - 26.5 | 198.5i7.9 1 - 8 . 8 1 
1 90-121 day old 1 | | | | 1 1 
The results (specific activities: ymol/mg protein/hr) are 
expressed as MeaniSEM for 3 separate experiments. 
* 
Significantly different from GI (P < 0.05) by group t-test. 
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Fig. 8 Specific activity of MDH in renal SC, JMC and 
medullary homogenates for different age group 
of rats. 
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compared to 15-20 d rats and then remained unchanged during 
further growth period. The activity of MDH was significantly 
not different in the SC-H of new born, young-growing and 
adult rate. However, the activity was similarly increased in 
JMC-H as in M-H in 35-40 d rats (20%) compared to 15-20 d 
rats and further increase was also observed in 55-60 d (25%) 
compared to 35-40 d rats. 
The activity of both Fructose, 1,6 bisphosphatase 
(FBPase) and G-6-Pase (enzymes of Gluconeogenic pathway) 
were also determined in the homogenates of SC, JMC and 
Medulla and the results are shown in Tables-5 & 6 (Fig. 9 & 
10). The specific activities of both FBPase and G-G-Pase 
were always higher in SC and JMC homogenates (cortical 
homogenates) compared to medullary homogenates in all age 
group of rats. The activity of FBPase was almost same in SC 
and JMC of newborn rats (15-20 d). Activity increased 
significantly in 35-40 d rats compared to 15-20 d rats in 
SC-H then declined in 55-60 d and 90-120 d rats. However, 
the activity of FBPase in JMC-H was not significantly 
different in all groups of rats. The changes in enzyme 
activity were more or less same in M-H as was observed in 
SC-H. 
In contrast, the activity of G-6-Pase was 
differentially distributed in different age group of rats. 
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TABLE - 5 
Fructose l,6-bi8phosphata8e (FBPase) activity in the 
hoiaogenates of SC, JMC and Medulla isolated from rat kidney 
during postnatal develo^mient and growth. 
1 
1 GRODP 
Group I 
I lS-24 day old 
Group II 
1 35-40 day old 
1 Group III 
1 SS-(e daj old 
1 Group IV 
1 9 M 2 0 day old 
1 
SC-HoMqenate 
a 
FBP-activity 
305.4113 
*3?7!l3 
329131 
274127 
Perceat change 
betveen groups 
• 23.3 
-12.6 
-16.7 
JHC-1 
FBP-activity 
301119 
319133 
311117 
266131 
oaogenate 
Percent change 
betveen groups 
• 6.2 
- 2.8 
-14.4 
1 
Hedulla IkMwgenate 1 
FBP-activity 
183136 
218128 
177131 
12717 
1 
Percent change 1 
betveen groups 1 
• 14.97 1 
- 15.92 1 
- 27.98 1 
t 
The results (specific activities: runol/mg protein/hr) are 
expressed as MeantSEM for 3 separate experiments. 
Significantly different from GI (P < 0.05) by group t-test. 
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* Significantly different from 15-20 d rat at £5<0.05 
Fig. 9 Specific activity of FBPase in renal SC, JMC and 
medullary homogenates for different age group of 
rats. 
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TABLE - 6 
Gluco8e-6-PhoBphatase (GluSPase) activity in the 
honogenates of SC, JMC and Medulla isolated from rat kidney 
during postnatal development and growth. 
1 
1 GRODP 
Group I 
1 15-20 daT old 
Croup II 
1 35-40 day old 
Group III 
1 55-iO da; old 
1 Group IV 
1 90-120 da; old 
SC-Boaogenate 
a 
Glucose-i Pase 
activit; 
37t2 
*(2!6 
92t29 
79119 
Percent change 
betweei groups 
* 67.S4 
M 8 . 5 
- 13.9 
JHC-loMgenate 
Glncose-i Pase 
activit; 
4114 
6915 
'8719 
6518 
Percent change 
between groups 
4 (8.87 
• 25.7 
-25.4 
1 
Hedulla loMgenate 1 
Gluco8e-6 Pase 
activity 
2416 
3715 
3iti 
3514 
1 
Percent change 1 
betveea groups 1 
• 53.11 1 
- 3.8 1 
-2.8 1 
The results (specific activities: nmol/mg protein/hr) are 
expressed as MeantSEM for three separate experiments. 
* 
Significantly different from GI (P < 0.05) by group t-test. 
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Fig. 10 Specific activity of Glu-6-Pase in renal Sc, 
JHC and aedullary hoaogenates for different 
age group of rats. 
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The activity of G-6-Pase was quite low in 15-20 d rats 
compared to the rats of higher ages in the homogenates of 
SC, JMC and M tissue. A sharp increase (>60%) was observed 
in the enzyme activity of 35-40 d rats in all the tissues 
determined compared to 15-20 d rats. Further increase in the 
enzyme activity was observed both in SC and JMC-homogenates 
in 55-60 d rats. However, in M-H the activity remained the 
same in other groups of rats beyond 35-40 d of age. The 
activity of G-6-Pase both in SC-H and JMC-H was lower in 
adult rats compared to 55-60 d rats but was still higher 
than the newborn rats (Table-6,Fig.lO) . 
The activity of G-6-PDH (an enzyme of HMP-Shunt 
pathway) was also determined in the homogenates of SC, JMC 
and medullary tissue and the results are summarized in 
Table-7 (Fig. 11) The activity of G-6-P-DH was relatively 
very high (100%) in JMC-H compared to both SC and M-
homogenates in newborn rats (15-20 d) (Table-7). The 
activity in JMC-H was lowered in 35-40 d rats and then 
continue to decline progressively but at a slower rate in 
older rats. However, in SC-H, the activity of G-6-PDH was 
same both in 15-20 and 35-40 d rats and then greatly 
declined in 55-60 d rats compared to younger rats and 
thereafter continue to decline in adult rats as well (Table-
7, Fig. 10). In contrast to cortical homogenates (both SC & 
JMC) the relative decrease in enzyme activity in M-H was not 
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TABLE - 7 
Glucose-6-Pho8phate dehydrogenase (G6PDB) activity in the 
hcNBogenates of SC, JMC and Medulla from rat kidney during 
development and growth. 
1 
1 6R0DP 
1 Group I 
1 lS-20 day old 
1 Gtoop II 
1 35-40 da; old 
1 Crogp III 
1 55-(8 da; old 
1 Croop IV 
1 91-121 da; old 
SC-8oK>geoate 
a 
Gltt-6-PDB 
activit; 
156t9 
1S2!21 
36!2 
1412 
Perceot change 
betveeD groups 
-2.5 
-76.3 
- 61.11 
JHC-BoiogeDate 
Glu-6-PDB 
actiyit; 
294139 
mn 
178240 
'l26!24 
Percent change 
between groups 
-29.9 
- 13.6 
- 29.2 
Medulla HoMgenate 
Glu-6-PDE 
activit; 
154126 
114122 
112127 
81110 
Percent change 
between groups 
• 
- 25.9 
- 1.7 
- 28.12 
The results (specific activities: nmol/mg protein/hr) are 
expressed as MeantSEM for three separate experiments. 
* 
Significantly different from GI (P < 0.05) by group t-test. 
* * * 
S i g n i f i c a n t l y d i f ferent from GI (P < 0.001) by group t -
t e s t . 
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Fig . 11 Specif ic a c t i v i t y of Glu-6-PDH in renal SC, 
JMC and aedullary hoaogenates for d i f f e r e n t 
age group of ra t s . 
76 
TABLE - 8 
NADP-malic enzyme (ME) activity in the honogenates of SC, 
JMC and Medulla isolated from rat kidney during postnatal 
development and gro%rth. 
1 
1 GROUP 
1 1 
1 Groap I 
1 lS-20 day old 
Group 11 
1 35-49 da; old 
Group III 
1 55-60 dar old 
Group IV 
1 90-120 da; old 
SC-HoiogeDate 
a 
tctifit; of 
Halic eiu;M 
154!l( 
'Mi2 
*54l2 
25!l 
1 
1 Percent change 
betveen groups 
1 1 
1 - 58.42 
1 - 14.86 
1 - 54.64 
JNC-Hoiogenate 
Activity of 
Malic eni;te 
13119 
45i2 
*39!5 
2512 
Percent change 
betveen groups 
- 66.06 
-12.5 
- 37.2 
1 
Medulla Hoiogenate i 
ictivit; of 
Malic enzyie 
260128 
240117 
19115 
18412 
1 
Percent change 1 
between groups 
-7.5 1 
- 20.5 1 
- 3.6 1 
The results (specific activities: nmol/mg protein/hr) are 
expressed as MeantSEM for three separate experiments. 
Significantly different from GI (P < 0.05) by group t-test. 
** 
Significantly different from GI (P < 0.01) by group t-
test. 
A* * 
Significantly different from GI (P < 0.001) by group t-
test. 
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Fig. 12 Specific activity of ME in renal SC, JM and 
•edullary hoaogenates for different age group of 
rats. 
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to the same extent. It is noteworthy that the activity of 
G-6-PDH both in JMC and M-homogenates was quite high as 
compared to SC-H in adult rats (Table-7, Fig. 11). 
The activity of malic enzyme (ME) in addition to G-6-P-
DH (the enzyme of biosynthetic importance) was determined in 
the homogenates of SC, JMC and Medulla. In contrast to LDH, 
MDH, FBPase and G-6-Pase the activities of malic enzyme (ME) 
and G-6-P-DH changed in a different manner (Tables-7 & 8). 
As shown in Table-8 (Fig. 12), the activity of ME was 
distributed differentially in the homogenates. The activity 
was relatively high in M-H compared to both SC-H and JMC-H 
and remained higher in all the rats including adult rats. 
However, a small decline (-25%) was observed in 35-40 day 
old rats. In contrast to M-H, the activity of ME, which was 
similarly distributed both in SC-H and JMC-H in 15-20 d rats 
declined at very rapid rate with the increase in age of 
rats. The activity in adult rats was about 75-85% lower than 
in 15-20 d rats both in SC-H and JMC-H, respectively (Table-
8, Fig. 12). 
(c) Enzyiies of lysoBonie and BBM 
In addition to the enzymes related to carbohydrate 
metabolism, the activity of the marlcer enzymes of brush 
border membrane (BBM) and lysosomes in the same homogenates 
of SC, JMC and Medulla (M) from different age groups of rats 
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TABLE - 9 
Alkaline-Phosphatase (AlkPase) activity in the horaogenates 
of SC, JMC and Medulla isolated from rat kidney during 
postnatal development and growth. 
1 1 SC-Hoio9enate 1 JHC-BoMgenate 1 MedulU lowgeoate 1 
1 l a 1 i 1 i 1 1 
1 GBODP 1 ilk-Pase 1 Percent change 1 Alk-Pase 1 Percent change 1 Alk-Pase 1 Percent change 1 
j 1 activity | between groups activity 1 between groups 1 activity between groups 1 
1 Group I 1 11.56!l.90 1 | 11.18!l.89 | | 8.55t2.03 | | 
1 15-20 day old 1 I | | | | | 
1 Group II 1 2i.l1i2.21 | * 132.4 | 30.74tl.90 | * 174.9 | 14.08t3.79 | « (4.7 | 
1 35-40 day old 1 1 | | | | | 
1 Group III 1 32.l9t2.52 1 * 19.42 | 36.02l2.41 | * 17.17 | 17.83!2.06 | * 2i . i3 | 
1 55-60 day old j I | | | | | 
1 Group IV |"29.09i2.44 | - 9.3 | *32.24t2.23 | - 10.49 |"l3.94l2.08 | - 21.8 | 
1 90-120 day old 1 1 | | | | | 
The results (specific activities: vrool/mg protein/hr) are 
expressed as MeaniSEM for three separate experiments. 
Significantly different from GI (P < 0.05) by group t-test. 
** 
Significantly different from GI (P < 0.01) by group t-
test. 
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Fig. 13 Specific activity o£ AlkPase in renal SC, JHC and 
medullary homogenates for different age group of rats. 
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TABLE - 10 
r-Glutamyl-tranapeptidase (GGTaae) activity in the 
honogenates of SC, JMC and Medulla isolated from rat kidney 
during postnatal development and growth. 
I I 1 1 1 
1 1 SC-Hoiogeoate 1 JNC-BoiogeDate 1 Hedulla Hoiogenate | 
1 i a 1 1 i 1 1 i 
1 GBODP 1 GGTase i Percent change i GGTase 1 Percent change 1 GGTase 1 Percent change 1 
j activit; betveen groups activity j between groups activity between groups j 
1 Group I 1 15.65i2.IS | | 31.8713.31 | | 4.8«t2.3l | | 
1 15-20 day old 1 1 | i | | | 
1 Group 11 1 18.75!2.S8 | 4 19.81 | 60.24i2.52 | * 89.02 | 13.42i2.99 | * 179.6 | 
1 35-40 day old 1 j | | | | | 
1 Group III j*"35.48l2.26 | • 89.22 |"*87.87l2.75 | + 45.86 |*"21.73l3.06 | • 61.9 | 
1 55-60 day old 1 | | 1 | 1 1 
1 Group IV ( '*30.58i2.24 | - 13.81 | 84.17l2.1 1 ' 4*2 | 42.72i2.82 | * 96.59 1 
1 90-120 day old 1 | | | | | { 
T h e r e s u l t s ( s p e c i f i c a c t i v i t i e s : y m o l / m g p r o t e i n / h r ) a r e 
e x p r e s s e d a s M e a n t S E M f o r t h r e e s e p a r a t e e x p e r i m e n t s . 
* 
Significantly different from GI (P < 0.05) by group t-test. 
*** 
Significantly different from GI (P < 0.001) by group t-
test 
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Fig. 14 Specific activity of GGTase in renal SC, JM 
and Medullary hoaogenates for different age 
group of rats. 
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were also determined under similar experimental conditions 
(Table- 9-11). As shown in Table-9 (Fig. 13), the activity 
of alkaline phosphatase (AlkPase) was much higher in SC-H 
and JMC-H compared to M-homogenate (M-H), whereas the 
activity was almost similarly distributed in SC and JMC-
homogenates (Table-9). The activity of AlkPase was much 
higher in SC-H (132%) and even to a greater extent in JMC 
(175%) horoogenate in 35-40 d compared to 15-20 d rats. The 
activity was further increased but to a lesser extent in 55-
60 d rats than in 35-40 d rats both in SC-H (20%) and JMC-H 
(17%) and then was lowered in 90-120 d than 55-60 d rats in 
both the above homogenates. In M-H, however, the activity of 
AlkPase increased slowly till 55-60 d old rats and then 
decreased in 90-120 d rats and it was at least two times 
lower in M-H than SC or JMC-H (Table-9, Fig. 13). 
As shown in Table-10 (Fig. 14), the activity of GGTase 
another BBM enzyme was higher in SC and JMC-homogenates 
(similar to AlkPase) compared to M-horoogenates. The enzyme 
activity was differently distributed in SC-H and JMC-H. It 
was much higher in JMC-H compared to SC-H. However, the 
activity of GGTase increased upto the age of 55-60 d old 
rats both in SC-H and JMC-H although to different extent 
and then it declined in adult rats and was still much 
higher in adults (90-120 d) than in young rats (15-20 d 
rats) (Table-10, Fig. 14). On the other hand, in M-H where 
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TABLE - 11 
Acid-Phosphatase (APase) activity in the homogenates of SC, 
JMC and Medulla isolated from rat kidney during postnatal 
development and growth. 
I I 1 1 1 
1 1 SC-Boiogenate 1 JMC-loiogeDate 1 Hedulla BoiogeBate 1 
1 l a 1 i 1 1 1 1 
1 6BO0P 1 kid-Pase 1 Percent change 1 Acid-Pase 1 Percent change 1 Acid-Pase 1 Percent change 1 
1 1 activity 1 between groups 1 activity betveen groups 1 activity betveen groups 1 
1 Group I 1 1.96i0.07 | | 1.78i0.04 | | l.S9t0.02 | | 
1 15-20 day old 1 1 | | | | | 
1 Group II 1 2.5610.84 | * 27.9 | 2.1210.03 | * 58.43 | 2.1910.09 | * 37.73 | 
1 35-40 day old 1 | | | | | | 
1 Group III 1 3.3110.03 | « 32.42 | 3.69l0.11 | 4 30.85 | 2.3610.12 | « 7.7 | 
1 55-60 day old 1 1 | | | | | 
1 Group IV 1 3.7610.05 | « 13.59 | 4.0B10.36 1 * 10.6 | 1.8410.04 1 - 22.03 1 
{ 90-120 day old 1 1 | | | | | 
The results (specific activities: yrool/mg protein/hr) are 
expressed as MeantSEM for three separate experiments. 
Significantly different from GI (P < 0.05) by group t-test. 
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the enzyme activity was already very low compared to SC- and 
JMC-H, it was increased linearly upto the adult stage. The 
extent of the increase in GGTase activity both in JMC-H and 
M-H was much higher in 35-40 day old rats (89% and 180% 
respectively) compared to newborn rats (15-20 d ) , while it 
was only 20% in SC-H (Table-10, Fig. 14). 
Table-11 (Fig. 15), shows the distribution of the 
activity of acid phosphatase (APase), marker enzyme of 
lysosomes in SC, JMC and M-homogenates in different age 
group of rats. The activity of APase was almost similarly 
distributed in SC, JMC and M-homogenates in young rats but 
was higher in adult rats in SC and JM homogenates compared 
to M-horoogenate. However, the activity of APase increased 
continuously both in SC and JMC-H upto 90-120 d rats whereas 
in M-H, the activity increased upto 55-60 d rats and then 
decreased in adult rats almost to the level that was 
observed in 15-20 d rats. The extent of increase was 
similarly greater in JMC-H or M-H as was for GGTase compared 
to SC-H at least in 35-40 d rats than in 15-20 d rats. In 
adult rats the activity was much lower (-70-75%) in M-H than 
in both SC and JMC-H. 
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DISCDSSION-I 
The existence of the major biosynthetic and catabolic 
pathways of intermediary metabolism in the mature (adult) 
mammalian kidney has been known a long time (8, 10). Since 
the kidney is a heterogeneous structure consisting of 
distinct cortical, outer and inner medullary tissue zones, 
the metabolic pathways have been found to be differentially 
distributed in above tissue zones (1, 14). The differences 
in the occurance of the above metabolic pathways in various 
tissue zones of the kidney are directly or indirectly linked 
with the overall functioning of the kidney. Renal functions 
especially the tubular functions are characterized as energy 
consuming transport processes which are driven by metabolic 
energy-yielding reactions of some of the metabolic pathways 
(2). 
These metabolic pathways have been described to be 
affected by the available of oxygen-tension (PO2) in 
different kidney tissue zones. The renal cortex has greater 
PO2 which declines progressively in outer and inner 
medullary tissues (19-22). The availability of oxygen to 
some extent may determine the nature of metabolism be it 
aerobic or anaerobic (14, 15-17). The consumption of oxygen 
involved in energy production in tissues usually is 
dependent on the availability of oxygen, directly or 
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indirectly determines the rate of the kidney transports and 
other functions. For that matter, the renal cortex functions 
relatively in aerobic conditions compared to outer or inner 
medulla (8, 14, 15, 42). It has been already indicated that 
in adults inner medulla has high rate of glycolysis as 
compared to the cortex (14, 16-18, 49). It has also been 
demonstrated that adult cortex has relatively high rates of 
TCA cycle (oxidative metabolism) compared to the medulla. 
"Nephron", the functional unit of the kidney runs through 
the different tissue zones and therefore exhibit 
differential activities of the metabolic pathways in 
different subsegments of the nephron (1, 42). These nephron 
subsegments also demonstrate diverse functional abilities as 
they are also structurally distinct entities in addition to 
the environment in which they exist (23, 67). 
In adult kidney the distribution of various enzymes 
belonging to different pathways has been demonstrated by 
histologic, microdissection and by employing other 
techniques (1). However, such distribution pattern of 
enzymes in the kidney during development and growth are 
clearly lacking. It is well established that kidney at birth 
is immature and develops and matures both structurally and 
functionally after birth during postnatal growth (25, 106, 
107). Since the metabolic requirements are different at 
birth and during the growth hence they may vary 
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differentially with increase in the age. 
In view of the above in the present studies, the 
activities of various representative enzymes of diverse 
metabolic pathways e.g. glycolysis, TCA cycle and alternate 
pathways such as HMP-shunt pathway and gluconeogenesis were 
determined in renal superficial (SO and juxtamedullary 
cortex (JMC, as defined earlier in 'Methods') and renal 
outer medulla isolated from newborn (15-20 d); young (35-40 
d); growing (55-60 d) and adult (90-120 d) rats. 
Since the brush border membrane of renal proximal 
tubule is the major site of most of the transport functions 
of the kidney (29, 78), the development and maturation of 
some marker enzymes of BBM and lysosome were also studied in 
homogenates and later in the isolated BBM (Part II) of the 
above rats. 
The activity of LDH, a representative enzyme of the 
glycolysis, was determined in the homogenates of various 
renal tissue zones and summarized in Table-3 (Fig. 7) 
indicated that the activity of LDH was differentially 
distributed. The activity was much less in cortical 
homogenates (both in SC-H and JMC-H) compared to M-
homogenates in the newborn rats (15-20 d). The activity was 
considerably increased in SC-H and M-H (+ 50%) and only 
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slightly increased (+ 14%) in JMC-H in 35-40 d rats compared 
to 15-20 d rats. In growing (50-60 d) rats the activity of 
LDH was slightly declined both in SC-H and M-H, however, in 
JMC-H a moderate increase was observed in 55-60 d rats (+ 
15%) and in the adult rats it was declined sharply (- 27%). 
The results (Table-3) clearly demonstrte that in adult rats 
the activity of LDH was atleast two fold higher in M-H 
compared to both SC-H and JMC-H (cortical tissue). These 
results are in agreement with the previous observations (14, 
16-18, 49). The results also demonstrate that the activity 
of LDH has a differential pattern of distribution during the 
postnataI growth. 
The activity of MDH, a TCA cycle enzyme, summarized in 
Table-4 (Fig. 8) exhibits a differential pattern of 
distribution in the homogenates of different renal tissues 
from newborn rats indicating lower activity in M-H compared 
to SC-H and JMC-H. While the activity increased sharply in 
M-H compared to cortical homogenates in 35-40 d rats than in 
newborn rats, the activity in SC-H did not change 
significantly in all age groups of rats. However, similar to 
M-H a progressive increase in MDH activity was observed in 
JMC-H both in 35-40 d and 55-60 d rats (+ 20 and + 25% 
respectively), than in preceeding younger rats. Since MDH is 
not considered as a true representative of the oxidative 
metabolism, a clear picture could not be emerged from the 
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above about the occurrance of TCA cycle in different renal 
tiBSues as previously reported (42, 157). However, a 
differential maturation pattern for this enzyme nevertheless 
might be suggested. 
The activities of some of the enzymes involved in the 
gluconeogenesis to make glucose available in the cell which 
have been demonstrated to be present especially in the renal 
cortex and exclusively in renal proximal tubules (18, 40, 
41, 63) are also determined in new-born, young-growing and 
adult rats and the results summarized in Tables-S, 6 (Fig. 9 
& 10) clearly indicate that the activity of both FBPase and 
6-6-Pase was always much higher in cortical homogenates (se-
ll and JMC-H) than in medullary homogenat-es (M-H) in all age 
groups of rats. Secondly the activity of G-6-Pa8e rather 
than that of F-B-Pase seemed to be a better indicator for 
monitoring the processes of gluconeogenesis. The differences 
in the activity of both the enzymes in adult rats become 
more apparent between cortical and M-H because of the sharp 
decline e.g. in the activity of F-B-Pase in M-H. The 
activity of F-B-Pase in 35-40 d rats was increased sharply 
in SC-H (23%) than JMC-H or M-H compared to 15-20 d old 
rats, otherwise the activity of this enzyme showed little 
change with increase in the age especially in SC-H and JMC-H 
except for a significant decline of it in M-H in adult rats 
(Table-5, Fig. 9). 
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In contrast to F-B-Pase, the activity pattern of G-6-
Pase during growth was very different (Table-6, Fig. 9). 
Undoubtedly, the activity was much less in M-H compared to 
cortical homogenates. The activity of G-6-Pase in M-H was 
increased only in 35-40 d rats compared to newborn rats and 
did not change significantly thereafter with increase in age 
of rats. However, the activity was increased significantly 
both in SC-H and JMC-H in rats upto the age of 55-60 d and 
to greater extent in SC-H compared to JMC-H. In adult rats, 
the activity was sharply lowered in JMC-H <- 25%) compared 
to SC-H (- 14%) and there was greater activity in SC-H than 
JMC-H. These results by virtue of the distribution of G-6-
Pase activity during develofnnent and growth evidently 
suggest that the process of gluconeogenesis (or the 
production of glucose) was low in newborn rats and that it 
was increased with the postnatal advancement of the age, 
perhaps due to increased glucose demand. 
The activity of G-6-PDH, an enzyme of HMP shunt pathway 
(an alternate pathway for glucose oxidation) together with 
the activity of malic enzyme showed a very interesting 
pattern of distribution in renal tissues during development 
and growth (Tables-7, 8). These two enzymes are of immense 
importance in metabolism because major supply of cellular 
NADPH is dependent on these two enzymes which is required 
for many biosynthetic pathways especially for lipid 
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synthesis (59, 158). As summarized in Table-7 (Fig. 11), the 
activity of G-6-PDH was quite high in all renal tissues 
studied in newborn (15-20 d) rats compared to older rats. In 
particular, the activity was atleast two fold higher in JMC-
H compared to SC-H and M-H where it was evenly distributed. 
The activity of G-6-PDH significantly declined with increase 
in the postnatal age in all renal tissues. However, in SC-H, 
the enzyme activity remained higher till the age of 35-40 d 
and then sharply lowered in 55-60 d and adult rats. It is 
noteworthy that the activity of G-6-PDH was 10 times less in 
SC-H in adult than in newborn rats which was much less {" 10 
times) compared to both JMC-H and M-H. 
The activity of ME was also significantly higher in 
newborn compared to other age groups of rats, however, the 
activity was much higher in M-H compared to cortical 
homogenates (both SC-H and JMC-H). The activity of the 
enzyme decreased considerably C 80%) both in SC-H and JMC-
H. There was relatively a small decrease in enzyme activity 
in M-H from newborn to adult rats and the activity was still 
higher than in SC-H and JMC-H of newborn rats (Table-8, Fig. 
12). 
Thus it appears from the above results that the changes 
that occurred in G-6-PDH and ME in rats during postnatal 
growth are responsible for the production of more NADPH in 
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newborn rata than in adult rats. This is compatible with the 
greater need of NADPH for the synthesis of structural 
components particularly the membranes required for the 
development of the nephrons in the younger ones than in 
adults. 
As shown in Fig. 1 if an integrative view of glucose 
metabolism is considered, from the results of the present 
study the following conclusions can be made : 
1) the glucose is metabolized via glycolysis to 
greater extent in M-H than cortical homogenates in 
all age groups of rats and the activity of LDH was 
found to be increased with increasing age during 
growth being least in newborn rats. 
2) Oxidative metabolism via TCA cycle could not be 
clearly demonstrated, however, different matura-
tional pattern for MDH activity has been found in 
renal tissue zones during postnatal development 
and growth. 
3) Oxidation of glucose via HMP-shunt pathway (an 
alternate pathway) as demonstrated by the activity 
of G-6-PDH was found to be very active in newborn 
and young rats compared to older rats. The 
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activity was found to be higher both in JMC-H and 
M-H than in SC-H. 
4) In view of the distribution of ME together with G-
6-PDH in various renal tissues, the biosynthetic 
pathways (with greater NADPH availability)appeared 
to be greatly active in young rats than in older 
rats. 
5) The production of glucose via gluconeogeneeis 
appeared to be relatively greater in adult rats 
than in new-born rats. Further, the 
gluconeogenesis was far more active in cortical 
homogenates than in M-H. Thus it appears that in 
newborn rats the metabolism of glucose was higher 
than the production. 
In the second series of the experiments, structural and 
functional maturation of the luminal brush border membranes 
(BBM) of the proximal tubule in renal cortex was determined 
by measuring the activities of some marker enzymes in the 
homogenates (Table 9-11, Fig. 13-15). The activities of 
AlkPase, GGTase (BBM enzymes) and APase (lysosomal enzyme) 
were found to be lower in newborn rats in all renal tissues 
studied and cortical homogenates showed higher activities 
than M-H. However, the maturational expression of enzymes 
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was different in each renal tissue and was dependent on the 
age of the rats. The AlkPase was maximally increased in 35-
40 d rats compared to 15-20 d rats, reached to saturation 
point in 55-60 d rats then the enzyme activity declined in 
adults (Table 9). 
Although the activity of GGTase was much lower, in the 
three horoogenates of newborn rats compared to young and 
adult rats, but the activity was much higher in JMC-H 
compared to both SC-H and M-H where it was least. The 
maximum activity increase in SC-H was found between 35-40 d 
and 55-60 d rats, however, greater increase was found 
between 15-20 d and 35-40 d rats both in JMC-H and M-H and 
continue to increase even in adult rats in case of M-H 
(Table-10). These results indicate a differential 
maturational pattern for the BBM enzymes during growth. 
The activity of acid phosphatase (APase) was linearly 
increased both in SC-H and JMC-H but to greater extent in 
JMC-H (Table-11). These results indicate that number of 
lysosomes were increased in an age dependent manner as has 
been demonstrated during development and growth (83). 
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RESDLTS-II 
Studiea on the postnatal developaient and •aturation of BBM 
JBolated from Superficial (SO and iuxtaaedullarY <JMC) 
cortex during Growth : 
The activities of alkaline phosphatase (AlkPase), T-
glutamyl transpeptidase (GGTase) were determined in both the 
cortical hoinogenate (CH) and in the BBMV isolated from 
superficial (SO and juxtamedullary cortex (JMC) of 25-30 d, 
50-55 d and 90-120 d (adult) rats to examine the development 
and maturation of different populations and of proximal 
tubules, especially its BBM located in different kidney 
tissue zones. 
The activities of AlkPase and GGTase determined were 
always several fold (x5-7) higher in BBMV preparations 
<BBMV-SC and BBMV-JMC) compared to the activities observed 
in respective homogenate (SC-H and JMC-H) in all age groups 
of rats (Table-12). The enrichment of enzyme activities in 
BBMV showed the relative degree of purity of the BBMV 
preparations (Table-12). 
The specific activities of AlkPase and GGTase showed a 
differential distribution pattern both in BBMV-SC and BBHV-
JMC as well as in the respective homogenates (Tables 9, 10). 
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TABLE - 12 
Alkaline phosphatase (AlkPase) and T-Glutanyl transpeptidase 
(GGTase) activity in BBMV isolated froa Superficial and 
Juxtanedullary rat renal cortex during postnatal development 
and growth. 
I I 1 1 
1 1 IlkPase 1 QGtise 1 
1 111 II 1 1 1 1 1 
1 6B0IIP 1 ilkPase 1 Percent | ftlkPase ( Perceat 1 GGTase 1 Percent | GGTase | Percent 1 
1 lactifity in change between actirity inlchange betveenl activity in change betveen activity in change betwen 
1 1 BBin-SC groups 1 BBMV-JIK 1 groups | BBNV-SC groups BBW-JNC groups 
[Group I 1 S7.64«3.5 | | $3.96!S.l | | 53.73t9.4 | | 140.9itl2.3 | | 
|25-3I day old| (i4) | | ( i4 ) | | (x4l| | (x5) | | 
iGroop II 1 8i.il!S.3 | * Sl.2i | 68.93t5.S | * 27.7 | 69.30!4.6 | * 28.98 | 268t25.3 | * 90.12 | 
|5I-SS day old] tiS) | | (x5)| | ( i4) | | ii5) | | 
|6roQp III |*75.S5!7.I | • 12.77 |'72.i8!6.5 | » 5.4 | ' l l l .S2tl2.7| * 59.48 | 302.36!l2.23| ^14.5 | 
|9lday old | (iS) | | ( i5 ) | | ( i5) | | (i7) ( | 
jGcoop IV 1 75.l8t7.7 | - Q.48 | 83.l9tl2.6| * 14.4i | 153.88tl0.5| * 39.16 | 313.09!8.6 | * 122.1 | 
|> 12tdayold| (i5) | | U i ) | | (i7)| | (i7) | | 
The results (specific activities: limol/mg protein/hr) are 
expressed as MeantSEM for five separate experiments <See 
'Methods' for detail). 
b 
Values in parentheses are given in comparison to the 
activity of cortical horoogenate and show the fold 
purification of BBMV. 
* 
Significantly different from GI (P < 0.05) by group t-
test. 
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Fig . 16 S p e c i f i c a c t i v i t y of AlkPase in BBMV-SC and 
BBMV-JMC for d i f f e r e n t age group of r a t s . 
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Fig. 17 Specific activity of GGTase In BKMV-SC 
and BBHV-JMC for different age group of rats. 
101 
As can be seen from Table-12 (Fig. 16), the activity of 
AlkPase in BBMV-SC was significantly higher in 50-55 d rats 
(-^ 50.26%) compared to 25-30 d rats. However, it was lower in 
90-120 d rats, but was still higher than 25-30 d rats 
<Table-12, Fig. 16). In contrast, the activity of AlkPase in 
BBMV-JMC increased linearly with increasing age of the rats 
upto the adult stage. 
The activity pattern of GGTase in BBMV-SC and BBMV-JMC 
in different age groups of rats, is shown in Table-12 . The 
activity of GGTase which was much higher in BBMV-JMC than in 
BBMV-SC, increased progressively in an age-dependent manner 
upto adult stage in BBMV-SC and the maximum activity was 
observed in 90-120 d rats. The maximum increase in GGTase 
activity was observed in between 25-30 d and 50-55 d rats 
<Table-12, Fig. 17). However, the quantum of changes were 
different with respect to age indicating a differential 
maturational pattern for GGTase both in BBMV-SC and in BBMV-
JMC. Similar pattern of the changes were also observed for 
AlkPase activity (Table-12). 
In further characterization, brush border membrane 
vesicles from whole cortex of different age groups of rats 
were isolated alternatively by a combination of differential 
and percoll density gradient technique without the 
+ + 
involvement of Mg -precipitation (See "Methods" for 
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details). Individual fractions of BBMV(B) were collected and 
were analyzed for marker enzyme activities and protein 
content. The results of the study are summarized in Fig. 18, 
19 & 20 and the enzyme activities are represented as total 
enzyme activity (sp. activity tiroes protein content) per 
individual fractions. According to this method the BBMV(8) 
of different origin are known to be fractionated in higher 
(Zone-A) and lower (Zone-B) percoll-density zones and are 
identified by the distribution of either GGTase or AlkPase 
associated with them. Protein analysis in the fractions 
indicate that it was widely distributed over the entire 
gradient (fractions 5-30). However, differential protein 
profiles were obtained for different age groups of rats 
(Fig. 18). A single sharp but smaller peak was present in 
the fractions of 15-20 d rats, while broad larger peaks 
(appeared to be composite of two peaks) were observed for 
45-50 and 90-120 d rats. The quantum of protein content 
appeared to be increased with increasing age of the rats. 
The activity profiles for AlkPase and GGTase showed 
different pattern in various gradient fractions (Fig. 19 & 
20). The activity of GGTase was observed as a single major 
peak in Zone-A (higher density) while AlkPase was present 
both in Zone-A (fractions 5-10) and Zone-B (fractions 11-18) 
for most of the rats. However, only a single peak was 
observed for AlkPase activity in 15-20 d rats. The results 
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o 15 - 20 d old 
A A5-50dold 
10 20 
Fraction No. 
30 
Fig. 19: Distribution of Alkaline phosphatase (Alk Pase) 
total activity in BBMVls) prepared from whole 
cortex using Percoll density gradient 
centrifugation from different age group of rats. 
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i A 5 - 5 0 d old 
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30 
Fig. 20: Distribution of GGTase total activity in BBMV(s) 
prepared from whole cortex using percoll-density 
gradient centrifugation from different age group 
of rats. 
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further indicate that the quantum of the enzyme activities 
increased in accordance with the increment in the age of the 
rats. The results thus suggest that the enzymes showing only 
one peak of the gradient fractions 5-10 both for GGTase and 
AlkPase might be originated from the saune populations of the 
BBMV(8) isolated from 15-20 d rats. However, two peaks 
observed for AlkPase in fractions 5-10 and 11-18 in 45-50 
and 90-120 d rats might be originated from two different 
populations of the BBMV(s) which matured in the later stage 
of the growth. Thus it appears that different populations of 
PT from which the BBMV(s) originated matured in different 
age groups of rats during the postnatal growth. 
Since the BBM marker activities in CH and BBMV(s) in 
different age groups of rats did not change at the same 
rate, experiments were carried out to explore the 
possibilities that either the enzymes were synthesized at a 
faster rate but did not incorporate at the same rate in the 
BBMV(8) or bulk of the enzymes are synthesized in the free 
but active form initially accumulated in the homogenates and 
later inserted in the membranes in an age-dependent manner. 
The homogenates were fractionated by centrifugation into 
membrane-bound and membrane-free fractions and the 
activities were determined in these fractions. The result 
presented as total enzyme activities are summarized in Fig«. 
21-23) and indicate that >90% activities of AlkPase a*d 
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Fig. 21: Total enzyme activities of (A) GGTase and (B) AlkPase 
in homogenates prepared from whole cortex. Total (Q); 
Bound ( ^  ) and Free ( | ) • 
Results are Mean+SEM from 3 separate experiments. 
•Significantly different from 10-12d old rats at 
p<0.05 or higher degree by group t-test. 
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Fig. 23: Total activity of GGTase in cortical homogenates 
from (A) SC-cortex (B) JMC-cortex, Total,( Q")» 
Bound ( CS ); and Free ( 0 ) in different age 
group of rats. 
Results are Mean+SEM from 3 separate experiments. 
•Significantly different from 15-20d old rats at 
p<0.05 or higher degree by group -test. 
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GGTase were associated with membrane-bound fractions and 
only a small percentage (<12%) was present in the 
supernatant as membrane free enzymes in all age groups of 
rats in whole, superficial or juxtamedullary cortex. 
Moreover, the age-dependent increase in the enzyme 
activities was also apparent only in the membrane-bound 
fractions. Thus it appears that as soon as the enzyme 
molecules were synthesized, usually in the active form, as 
rapidly they were inserted into the membranes. 
The activity of above BBM marker enzymes was further 
characterized by determining the kinetic parameters during 
the postnatal development and oiaturation. It was observed 
that the age dependent increase in the activities of both 
AlkPase and GGTase in BBMV-SC and BBMV-JMC were mainly due 
to the increase of Vroax rather than of Km values (Fig. 24-
27, Tables 13 & 14). Another important observation was that 
the Vmax value for AlkPase in 90-120 d rats was even less 
than that observed in 55-60 d rats however with the 
increased affinity (lower Km values) of AlkPase. This Vmax 
effect suggests that the numbers of enzyme molecules or 
active enzyme molecules per mg of membrane protein were 
progressively increased during postnatal growth and 
maturation at least upto of 55-60 days of age. 
Ill 
o 25-30dold 
X S0-55dold 
• 90-120dold 
l/CSamM-' 
Fig. 24: Lineweaver-Burk plot of BBHV-SC Alkaline phosphatase 
(AlkPase) for different age group of rats. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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U 0.12 
• 2S-30dold 
X S0-S5 d old 
• 90-120dold 
1/[S] mM-^  
Fig. 25: Lineweaver-Burk plot of BBMV-JMC Alkaline 
phosphatase (AlkPase) for different age group of 
rats. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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TABLE - 13 
Kinetic Parameters of BBMV-SC and BBMV-JMC Alkaline Phospha-
tase (AlkPase) in different age group of rats. 
1 
1 GBOOP 
iGroup I 
|25-30 da; old 
Group II 
|$0-55 day old 
iGroup III 
| 9 M 2 6 day old 
-4 
I I I 10 
(N) 
8.3 
9.8 
8.8 
BBMV-SC 
V u x 
{|K)l/i9 prt/hr) 
31.25 
42.73 
32.25 
% (Viax) 
Change 
• 37 
• 3 
-4 
I I I 10 
(H) 
8.5 
7.8 
7.8 
BBNV-JHC 
Viai 
(|Ml/Bg prt/hrl 
19.61 
30.30 
25.64 
1 
1 
\ (Vux) 1 
Change 
* 54 1 
* 1^ 1 
Results were obtained from Line-Weaver Burk Plot (Figs. 24 & 
25). 
* * 
Percent change from GI. 
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o 25 -30d old 
J» 50 -55d old 
• 90-120d old 
OOOO 0 
l/CSim M -1 
Fig. 26: Lineweaver-Burk plot of BBMV-SC GGTase for different 
age group of rats. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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o 2 5 - 3 0 d oW 
X 5 0 - 5 5 d old 
• 90- t20dold 
l/CSlmM -1 
Fig. 27: Lineweaver-Burk plot of BBNV-JMC GGTase for 
different age group of rats. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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TABLE - 14 
Kinetic Parameters of BBMV-SC and BBMV-JMC F-Glutamyl 
transpeptidase (GGTase) in different age group of rats. 
1 
1 GIODP 
iGroup I 
|2S-3I) day o ld 
iGroop II 
|5 t -55 day old 
Group III 
190-128 day old 
-^ 
I I X 10 
(H) 
1.47 
1.S3 
1.31 
BBNV-SC 
Viai 
(»KO1/K9 prt/hr) 
588.23 
7(9.20 
833.33 
\ (VBax) 
Cha&ge 
* 41.66 
* 30.76 
-4 
I i X 10 
(M) 
5.6 
6.94 
4.08 
BBMV-JHC 
Vux 
(iBol/ig prt/hr) 
666.66 
1176.5 
769.23 
1 
•» 1 
\ (Vux) 1 
Cha&ge 1 
• 76.5 1 
* 15.38 1 
Results were obtained from Line Weaver-Burk plots (Figs. 26 
& 27). 
Percent change from 61 
117 
TABLE - 15 
Acid-Phoaphatase (APase) activity in BBMV(8) and Cortical 
hoBogenate (CH) from Superficial and Juxtamedullary rat 
renal cortex during postnatal development and growth. 
1 
1 GBODP 
iGroup I 
|25-30 day 
[Group II 
|50-55 da; 
Croup III 
old 
old 
|90-120 da; old 
1 
1 
BBNV CB 
a 1 
Acid PaselPerceit change 
activity iolbetweB groups 
BBHV-SC 1 
4.57!e .2l( | 
4 . l tt .203 1 * S.a 
5.1iM6l 1 * (.2 
_ i _.. . . . 
1 I I I I 
Icid Pase iPerceat changel Acid Pase iPercent cbangel Acid Pase iPerceot change 
activity inlbetveen groupsiactivity inlbetveen groupsfactivity inibetweo groups 
BBRV-JMC 1 1 SC-CH 1 1 JNC-CI 1 
4.7!e.209 1 1 7.24!S.37t| | «.24!0.999| 
5 . N t 0 . l i 2 | * ( .1 1 8.39!0.135| * 15.9 | l l . l 2 t 0 . 4 9 6 | * 21.6 
4.77!0.t73| - 6.1 |10.94l8.457| * 30.4 |13.44!t .716| * 34.13 
1 I I I I 
The results (specific activities: vmol/mg protein/hr) are 
expressed as MeantSEM for three separate experiments. 
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The activity of acid phosphatase (APase) (marker enzyme 
for lysosomes) was also determined both in CH as well as in 
BBMV-SC and BBMV-JM. As shown in Table-15, the activity of 
APase was always lower in BBMV's compared to those of CH(s) 
ruling out the possible contamination of lysosomes in BBMV 
preparations. The activities of APase were not significantly 
different in respective CH(s) and BBMV's of different age 
group of rats, however the activity in homogenates was 
increased in an age dependent manner. 
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DISCUSSION-II 
The maturational development of BBM marker enzymes e.g. 
AlkPase, GGTase and in some studies LAP in CH and in BBHV(8) 
isolated from whole cortex of different age groups of rats 
during the growth has been reported by others (109, 110) and 
also from this laboratory (159, 160). 
Based on the morphological studies, it has been 
reported that various nephron sub-populations mature with 
increasing age differentially (82-85). It was also stated 
that maturation of the nephrons including the proximal 
tubules depends on the localization of various tubules in 
different kidney tissue zones (28). According to Evan et 
al., it takes about 25-30 days for the tubules of 
juxtamedul lary cortex and 48 days for those in the outer 
cortex to reach the maturity (28). In the previous chapter 
(Results Part-I), the maturation of BBM and in extension of 
the proximal tubule was observed by determining the activity 
of BBM-marker enzymes e.g. AlkPase and GGTase in the 
homogenates of SC, JMC and M (medulla). The results 
indicated an increase in the activities of marker enzymes in 
an age-dependent manner but the maturational pattern of 
enzyme activities was different for each individual enzyme 
(Tables-9, 10; Figs. 13 & 14). The maximum increase of 
AlkPase activity in both SC-H and JM-H was found to be in 
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between 15-40 d rats. The activity of GGTase in SC-H was 
greatly increased only in between 35-60 d rats. However, in 
JMC-H it was greatly increased in 15-40 d but to a lesser 
extent in between 40-60 d rats (Tables-9, 10; Figs. 13 & 
14). 
When the raaturational pattern of AlkPase and GGTase was 
determined in BBMV-SC and BBMV-JMC isolated from SC and JMC 
tissues a very different pattern than that of horoogenates 
was obtained (Table-12; Figs. 16 & 17). The activity of 
AlkPase was predominantly increased in BBMV-SC (50%) and to 
a lesser extent in BBMV-JMC (28%) in 50-55 d rats compared 
to 25-30 d and then stabilized in higher age groups rats. 
However, the activity of GGTase profoundly increased in 
BBMV-JMC (90-122%) than BBMV-SC (28-59%) in all age groups 
of rats. The activity in BBMV-SC was maximally higher in 55-
60 d rats compared to younger as well as older rats. 
However, in BBMV-JMC the maturational expression of GGTase 
increased linearly and with higher percentage with ever 
increasing age of the rats. It was maximally higher in 90-
120 d rats than younger rats. 
Thus the results clearly indicate that maturational 
expression of certain components of BBMV-SC and BBMV-JMC 
occur differentially and at different postnatal age of the 
rats. Further, the continued expression especially of GGTase 
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in the BBMV(s) which was not observed in the homogenates 
suggests that while the enzyme was already available in the 
homogenates but not inserted at the same time or at the same 
rate in the BBMV(s). Further studies of homogenate enzymes 
revealed that the age-dependent increase of enzymes 
activities were always as-sociated with the membrane-bound 
fractions. No significant accumulation of free soluble 
enzymes in the supernatant were observed. These observations 
further indicated that while the enzymes already became 
mature (as observed in the homogenates) but increased in the 
membranes only in the age-dependent manner. Mhen the BBMV(s) 
were alternatively isolated from whole cortex by 
differential and percoll density gradient centrifugation an 
age-dependent increase in total enzyme activities were 
observed and <lifferential maturation pattern was apparent 
for AlkPase and GGTase activities. 
Kinetic studies of the enzyme activities further 
support the above view by the fact that enzyme activities 
during growth were largely increased due to increase in the 
Vmax values and to the lesser extent due to Km values. 
Finally it can be concluded that the synthesis of BBM-enzyme 
molecule increased with the increasing postnatal age of the 
rats and that the number of inserted active enzyme molecules 
increased per unit (or per rog) of the membranes. Moreover, 
the activity of AlkPase and GGTase changed differentially in 
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both BBMV-SC and BBMV-JMC. In extension the results may 
suggest that proximal convoluted and straight tubules or 
proximal tubules located in outer cortex and inner cortex 
mature differentially in different age groups of rats. 
Juxtamedullary nephrons appeared to be matured earlier than 
superficial proximal tubules. 
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RESDLTS-III 
Studiea on the transport propertieB of Renal Cortical 
BBMVCB) during Development and Growth. 
BBMV(8) were isolated from superficial (BBMV-SC) and 
juxtamedullary cortex (BBMV-JMC) of 25-30 d (Group I), 45-50 
d (Group II) and 90-120 d (Group III) old rats as described 
32 3 
in the "Methods" and the transports of Pi and/or D-[ Hl-
glucose were determined in the presence (NaCl in the 
incubation medium) and absence (KCl in the incubation 
+ 
medium) of a Na concentrative gradient (Na^ > Na^). 
The results summarised in Table 16 & 17 (Fig. 28, 29) 
32 
showed a typical time-course pattern of Pi uptake in the 
+ 
presence of a Na -gradient both in BBMV-SC and BBMV-JMC of 
newborn, young growing and adult rats. The initial uptake of 
32 
Pi increased proportionally with respect to the elapsed 
time of incubation (10-30 S) and then declined towards 
eguilibritim when determined after 120 min of incubation. 
32 Although the pattern of the uptake of Pi in the early 
"uphill" concentrative phase was analogous in both BBMV-SC 
and BBMV-JMC in different age groups of rats but the uptake 
was higher in BBMV-SC than in BBMV-JMC in all groups of rats 
as previously reported (100, 140). Moreover the uptake of 
32 
Pi at equilibrium phase (at 120 min) was also higher in 
BBMV-SC compared with BBMV-JMC. 
124 
TABLE-16 
32 
Time course of Na-gradient dependent Pi uptake by BBMV-SC of 
superficial rat renal cortex. 
T~ lAge of rat 
125-30 d old 
1 ^ 
145-50 d old 
1 ^ 
190-120 d old 
1 ^ 
10 sec. 
128.0*7.86 
36 
197.7±9.01^ 
140 
146.4±15.2 
81 
20 sec. 
205.6+19.08 
111 
350.7+17.92^ 
327 
249.9+19.29^ 
209 
30 sec. 
261.4+19.24 
177 
441.1+22.9^ 
358 
358.3+10.78^ 
343 
120 min. 1 
94.1±2.29 1 
82.1+3.61 1 
80.8+3.56 1 
Results (piuol/mg protein) are MeanlSEM of 3 separate experiments 
% Percent overshoot from 120 min uptake. 
Significantly different from 25-30 d old rat at p < 0.05 or 
greater degree by group t-test. 
Significantly different from preceding group at p < 0.05 or 
greater degree by group t-test. 
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32 Fig. 28; Time course of Na-gradient dependent Pi 
uptake by BBNV-SC from superficial rat renal 
cortex. 
Results are 
experiments. 
Mean+SEM of separate 
Significantly different at p<0.05 or higher 
degree from 25-30d old rats by group t-test. 
'signficantly different at p<0.05 or higher 
degree from preceding age group by group 
t-test. 
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TABLE-17 
32 Time course of Na-gradient dependent Pi uptake by BBMV-JMC of 
juxtainedullary rat renal cortex. 
1 I I I I I 
lAge of r a t 1 10 s e c . 1 20 s ec . 1 30 s e c . 1 120 min. 1 
|25-30 d old | 65 .7±1 .98 |85.03±5.7 j l 73 .6±11 .67 |60 .8±1 .41 | 
1 % 1 8.0 1 40 1 185 1 1 
|45-50 d old | 116 .3±7 .65^ |175 .6±10 .32^ |251 .6±13 .28^ |58 .8±1 .80 | 
j % 1 97 1 197 1 327 1 | 
190-120 d old |70 .8±4 .36 1133.1*10.54^ 1184.1±11.15^ |59 .9*2.46 | 
1 % 1 ^^  1 -'-^ ^ 1 ^^ ^ 1 1 
Results (pmol/mg protein) are MeantSEM of 3 separate experiments. 
% Percent overshoot from 120 min uptake. 
Significantly different from 25-30 d old rat at p < 
higher degree of significance) by group t-test. 
0.05 (or 
Signif icant ly d i f f e r en t from preceding group a t p < 0.05 (or 
higher degree of s ignif icance) by group t - t e s t . 
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The initial rates of 32Pi uptake (10 or 20s) in the 
presence of Na-gradient (Na^ j > Naj^ ) were quite low in 25-30 
d rats as compared to 45-50 d and 90-120 d rats. This uptake 
32 
of Pi was maximally higher in 45-50 d rats compared to 
both 25-30 d and 90-120 d rats. The age dependent increase 
32 in the uptake of Pi was significantly greater in BBMV-JMC 
than in BBMV-SC between 25-30 d and 45-50 d rats (at 10s 
76 vs 53%, 208 : 108 vs 70%). However, there was no 
32 
significant difference in the uptake of Pi at 120 min 
neither in BBMV-SC nor in BBMV-JMC of different age groups 
32 
of rats (Table 16-17). Also the uptake of Pi (both initial 
+ 
as well as at equilibrium) determined in the absence of Na -
gradient (in the presence of KCl) were significantly not 
different in BBMV-SC and BBMV-JMC isolated from 25-30 d, 45-
50 d and 90-120 d rats (Table-18). However, equilibrium 
uptake (at 120 min) was quite low in BBMV-JMC as con^ tared to 
BBMV-SC in all age groups of rats, a finding similar to 
previously reported observations (100, 140). 
32 3 
In addition to Pi transport, the transport of [ Hl-D-
glucose determined in the same BBMV preparations was also 
differentially changed in different age groups of rats. The 
Na-gradient dependent initial (30s) uptake of D-glucose was 
quite low both in BBMV-SC and BBMV-JMC in 25-30 d rats. It 
was then increased in 45-50 d rats but lowered in 90-120 d 
rats (Table 19, Fig. 30). The rate of increase in the D-
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TABLE-18 
32 Tine c o u r s e of P i uptake i n t h e a b s e n c e o f N a - g r a d i e n t 
(NaCl r e p l a c e d by KCl) by r a t renal BBMV-SC and BBMV-JMC. 
1 
lAge of rat 
j25-30 d old 
145-50 d old 
j90-120 d old 
BBMV-SC 
1 
30 sec. 1 120 sec. 
48.7±4.4 1 85.415.3 
50.42±6.3 1 81.4±4.2 
1 
1 
45.85±7.01|77.5±11.03 
1 
BBMV-JMC I 
30 sec. 
43.8±3.6 
41.6±6.1 
41.2±6.7 
1 
120 min. { 
61.5313.6 j 
60.7314.5 1 
59.8615.3 1 
R e s u l t s (pmol/ing p r o t e i n ) are MeanlSEM of 3 s e p a r a t e 
e x p e r i m e n t s . 
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TABLE-19 
Time course of Na-gradient dependent H-D-glucose uptake by rat 
renal BBMV-SC & BBMV-JMC 
I I 1 1 
BBMV-SC BBMV-JMC | 
1 A ^ G OX X o U 1 1 1 1 1 1 1 
1 1 30 s e c . 1120 s e c . 1 % 1 30 s e c . 1120 min . 1 % 1 
| 2 5 - 3 0 d o l d | 7 0 . 4 9 ± 4 . 8 1 | 4 2 . 9 i 3 . 5 | 6 4 . 0 | 5 4 . 7 ± 4 . 3 3 | 2 9 . 7 ± 3 . 0 3 | 8 4 . 0 | 
(45 -50 d o l d | 1 3 0 . 8 ± 1 1 . 1 * | 4 9 . 3 ± 3 . 4 | 1 6 5 . 0 | 9 6 . 7 ± 4 . 8 ^ | 3 2 . 4 ± 1 . 7 1 j 1 9 8 . 0 | 
J90-120 d o l d | 8 2 . 6 ± 7 . 2 ' * | 4 8 . 7 ± 5 . 0 3 | 7 0 . 0 161.1*4.3** | 3 0 . 7 * 2 . 4 | 9 8 . 1 | 
J I 
Results (pmol/mg protein) are MeantSEM of 3 separate experiments. 
% Percent overshoot from 120 min uptake. 
a 
Significantly different from 25-30 d old rat at p < 0.05 (or higher 
degree of significance) by group t-test. 
b 
Significantly different from preceding group at p < 0.05 (or higher 
degree of significance) by group t-test. 
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glucose uptake appeared to be higher in BBMV-SC than BBMV-
JMC at 30B in absolute (86% vs 76%) as well as in relative 
term as percent overshoot (158% vs 135%) in 45-50 d rats in 
coinparision to 25-30 d rats. Although the equilibrium uptake 
of D-glucose (at 120 min) was similar in all age groups of 
rats but it was significantly higher in BBMV-SC than in 
BBMV-JMC in all the rats indicating larger intra-vesicular 
space in BBMV-SC than in BBMV-JMC. 
32 Characterization of Pi Transport in BBMV-SC and BMIV-JMC 
during the developiaent and Maturation 
a) As a function of Pi concentrations (kinetic analyaia) : 
Kinetic analysis of Na-dependent Pi transport by Line-
Weaver-Burk plot in BBMV-SC and BBMV-JMC of different age 
groups of rats showed that the maximum rates of uptake 
(Vmax) were significantly different in rats of different age 
groups. The Vmax values of different rats were always 
significantly higher in BBMV(s)-SC than in BBMV(8)-JMC while 
Km values showed smaller differences (Figs. 31, 32). The 
32 
rates of Pi uptake (Vmax) both in BBMV-SC and BBMV-JMC 
were also higher in 45-50 d rats as compared to 25-30 d 
rats. However, Vmax values were lowered both in BBMV-SC and 
BBMV-JMC of adult rats compared to 45-50 d rats. On the 
other hand, the Km values of the transport showed no 
significant changes in BBMV-SC but rather a small decline in 
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32 Fig. 31: Lineweaver-Burk plot of Na-gradient dependent Pi 
uptake as a function of phosphate concentration by rat 
renal BBNV-SC. 
Curve was drawn with the mean value of 3 separate 
experiments. 
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TABLE 20 
32 
Kinetic parameters of Na-gradient dependent Pi uptake 
BBMV-SC of superficial rat renal cortex. 
by 
1 14 1 
Km X 10 
(H) 
Age of rat 
25-30 d old 
45-50 d old 
90-120 d old 
Vmax 
(pmol/mg protein/10s) 
2083.3 
2857.0 
2381.0 
2.4 
2.0 
2.0 
Results were obtained from Line-Weaver-Burk plot of Fig. 31. 
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TABLE'21 
32 Kinetic parameters of Na-gradient dependent Pi uptake 
BBMV-JMC of juxtamedullary rat renal cortex. 
by 
1 14-
Km X 10 
(M) 
Age of rat 
25-30 d old 
45-50 d old 
90-120 d old 
Vmax 
(pmol/mg protein/lOs) 
1666.7 
2380.9 
2000.0 
2.17 
1.92 
1.78 
Results were obtained from Lineweaver-Burk plot of Fig. 32. 
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BBMV-JMC with the increase in postnatal age of the rats 
(Tables 20, 21, Figs. 31, 32). 
The present result thus indicate that a high capacity 
Pi transport system was operating in BBMV-SC while a low 
capacity and relatively a high affinity Pi transport system 
was present in BBMV-JMC during the growth. 
+ 
b) Pi transport as a function of extra-veaicular Ha~ 
concentrationa : 
+ 
The effect of extravesicular Na ([Na^]) on the uptake 
32 
of Pi was determined in BBMV-SC and BBMV-JMC isolated from 
25-30 d, 45-50 d and 90-120 d rats to study the properties 
of Pi transport systems and dependence on [Na^] during the 
32 growth. First the transport of Pi was determined under a 
+ + 
Na -gradient in which Na was located on (i) the outer 
(luminal) side of BBMV in the extravesicular space (Na^ > 
+ 
Naj^); (ii) in a non-Na-gradient condition in which the iNa ] 
on both sides of BBMV(s) were in equilibrium (Na^ = Naj^). 
Freshly prepared 10 jil of BBMV(s) in buffered 300 mM 
mannitol (MTH) from different age groups of rats were first 
pre-equilibrated by a 2 hr preincubation in the media always 
of the same final osmolality (300 mos) with 100 nM NaCl (Na^ 
+ 
= Na^) or without Na (100 mM choline chloride) (Na^ > Na^) 
32 in the mixture. The uptake of Pi was determined for 208 by 
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TABLE 22 
Na-Pi cotransport in the presence of [Na^ > Naj^  1 gradient 
and in equilibrated state [NaQ=Naj^ ] by BBMV-SC and BBMV-JMC 
I I 1 1 
1 1 BBHV-SC 1 BBHV-JHC 1 
1*"' "* ""^  I32 • 132 • I32 •132 • 1 
1 1 Pi uptake under la -1 Pi uptake UDder Na - 1 Pi uptake under la -1 Pi uptake under la - 1 
1 gradient lU^ > la^l non-gradient (la, - la^l gradient lla^ > la^l non-gradient ila,, - la^l 
|2S-3I d old rat | 443.7!3«.9 | 127.7112.9 | 279.4!l9.1 | ie2.l!S.( | 
|45-S8 d old rat | 848.4!22.8' | 130.3114.1 | 535.2116.5* | 108.717.3 | 
1 \ 1 (^.2) 1 U2.0) 1 {t91.5) 1 (H.5) 1 
|90-120 d old rat| 527.9123.4'* | Il8.3il2.9 | 442.1124.6* | 101.114.4 | 
1 X 1 (-33.9) 1 (-16.9) 1 (-18.9) | (-6.9) | 
Results (pmole/mg protein/20 sec) are MeaniSEH of 2 separate 
experiments. 
a Significantly different at p < 0.05 <or higher degree of 
significance) from 25-30 d old rat by group t-test. 
b Significantly different at p < 0.05 (or highjer degree of 
significance) from preceding group by group t-test. 
% Percent change from preceding group. 
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adding the media containing 100 mM NaCl as extravesicular 
Na^ j in the final transport media as described in the 
"Methods". The results suiranarized in Table-22 showed that 
32 the uptake of Pi was higher in both BBMV-SC and BBMV-JMC 
similarly in 45-50 d as compared to 25-30 d rats only when a 
+ + 
Na -gradient (Na^ > Na^ )^ was maintained and Na was present 
only on the extravesicular side. In contrast, the uptake of 
32 + 
Pi was quite low when Na was present in eguilibriuin on 
both sides of the membranes (Na^ = Na^ )^ as compared to when 
Na was present only on one (luminal) side of the membranes 
and gradient was maintained (Na^ > Na^^). Further, the uptake 
was significantly not different in all age groups of the 
rats. These results indicate that in all age groups of rats 
32 + 
the uptake of Pi was dependent on the presence of Na 
gradient. 
32 In the second experiment, the uptake of Pi was 
determined at varying concentrations of Na^ (e.g. 20, 40, 60 
and 100 mM) in the extravesicular media. The total 
osmolality and molar concentrations of Cl in the media was 
held constant (300 mos and 100 iM) by appropriate additions 
of choline chloride (ChCl) as reported by Szczepanska-Konkel 
32 
et al (161). As shown in Tables 22-26, the rate of Pi 
transport increased steadily with increasing Na-gradients 
(Na^ > Naj^ ) upto 100 mM Na^ concentration in the incubation 
medium both in BBMV-SC and BBMV-JMC of all groups of rats. 
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TABLE 23 
32 Na-dependent. Pi uptake as a function of an external 
concentration ([Na^]) by rat renal BBHV-SC 
Na 
1 1 1 
60 mM [Na^I | 100 mM [Na^l 
1 
1476.8±33.0^** I 1852.3il5.6*'' 
1859.1±29.7*^''|2400.0±24.8 
1 
Age of rat 
25-30 d old 
45-50 d old 
90-120 d old 
20 mM [Na^I 
387.5±19.0 
649.7*18.9 
334.6±22.8 
40 mM [Naol 
1136.7±39.8 
1495.0443.5 
1010.9±31.4 6a 
-L 
ab 
6abI 6ab 
1500.0124.1 I 1809.4117.4 
I 
-i 
Results (pmole/mg protein/20 sec) are MeanlSEM of 3 separate 
experiments• 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from CNaQ] = 20 mM. 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from the preceding [NaQ] 
concentration. 
* 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from 25-30 d old rats. 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from 45-50 d old rats. 
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TABLE 24 
32 
Kinetic#parameters of Na-dependent Pi upt-ake as a function 
of an external Na concentration ([NaQl) by rat renal BBMV-
SC, determined by Hill's plot. 
Age of rat 
25-30 d old 
45-50 d old 
90-120 d old 
tSlo.5 °^ 
28.1 
35.5 
32.0 
1 1 
1 1 
1 ^ 
n 1 
.4 1 
.9 1 
.1 1 
Table shows results of representative experiment (Fig. 33). 
[SI 0.5 = Sodium concentration for half maximal transport of 
Pi . 
n = Hill - Coefficient. 
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However, the uptake of 32Pi was always higher at all Na-
gradients in 45-50 d than in 25-30 d and/or 90-120 d rats. 
Increased Na-gradients had greater increase in the uptake in 
BBMV-SC than in BBMV-JMC more so in 45-50 d rats. Further, 
32 the mode of uptake of Pi appeared to be different (percent 
uptake) in BBMV-SC than in BBMV-JMC. The graphic analysis of 
the uptake as a function of iNa^l revealed a sigmoidal curve 
in BBMV-SC whose shape was changed in different age groups 
32 
of rats. There was a lag in the uptake of Pi as it was not 
linearly proportional to all concentrations of Na^. A Hill 
plot transformations of the data (Fig. 33 inset A, B, C) 
yielded a straight line and calculated [NaQ]o^5 was 28.1, 
35.5 and 32 mM for 25-30, 45-50 and 90-120 d rats, 
respectively and the n values were 1.4, 1.9, 2.1 
respectively for the above age groups of rats. These values 
32 
suggested different apparent Km values for the Pi 
transport during the postnatal growth period while Vmax 
values were also changed. It is apparant that in the newborn 
rats (25-30 d) the stoicheometric relationships between Na^ 
and Pi was towards 1:1 which was changed to 2:1 in more 
grown (45-50 d) and adult (90-120 d) rats. 
In contrast to BBMV-SC data, the relationship between 
32 Na^ and Pi uptake in BBMV-JMC was largely linear in all 
age groups of rats as indicated by double reciprocal plots 
32 
of Na^ and Pi uptake in BBMV-JMC. Evidently the uptake was 
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TABLE 25 
32 + 
Na-dependent Pi uptake as a function of an external Na 
concentration ([Na^]) by rat renal BBMV-JMC 
I 1 1 
Age of rat |20 mM [NaQlj 40 mM [Na^l 
1 1 
I I 
25-30 d old |366.2±16.58|617.2tl4.73 
I 1 ^ 
45-50 d old |422.6ll0.11|711.8±18.9 
I , 
I I 
90-120 d oldj384.7±23.1 j 651±16.2 
I I 
60 mM [Na^I 
744.0±14.0 ab 
877.2±33.4 ab 
801.3i31.4 ab 
100 mM [Na^l 
905.7+16.0 ab 
1219.5+49.3 ab 
980.3+29.4 6ab 
Results <pmole/mg protein/20 sec) are MeantSEH of 3 separate 
experiments. 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from [NaQl = 20 mM. 
b Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from the preceding [NaQ] 
concentration. 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-test from 25-30 d old rats. 
Significantly different at p < 0.05 (or higher degree of 
significance) by group t-teat from 45-50 d old rats. 
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• 2 5 - 3 0 d 
4 5 - 5 0 d 
-0.02 -0.01 0.01 a 0 2 0.03 0.04 0.05 
F i g . 34; Lineweaver-Burk p l o t of Na-dependent 
a function of an external 
t i on (LNa^j) by rat renal BBMV-JMC. 
32 
Pi uptake as 
Na-concentra-
Curve was drawn with the mean value of 3 separate 
experiments (Table 25). 
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TABLE-26 
32 
Kinetic parameters of Na-gradient dependent Pi uptake as a 
function of an external Na concentration ([NaQi) by rat 
renal BBMV-JMC. 
Age of rat 
25-30 d old 
45-50 d old 
90-120 d old 
Vmax 
(pmol/mg protein/208) 
1612.9 
2380.9 
1785.7 
1 Km 
1 <mM} 
1 64 .5 
1 100.0 
1 68 .9 
1 
1 
Results were obtained from Lineweaver-Burk plot of Fig. 34 
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higher in 45-50 d rats than younger (25-30 d) and adult (90-
120 d) rats. Kinetic analysis indicates that the increase of 
32 
uptake of Pi in 45-50 d rats than other rats was due to 
increase in both of Vmax as well Km values (Fig. 34). The 
Vmax as well as Km values in adult rats were lowered from 
32 those of 45-50 d rats. However, the stoicheometry of Pi 
uptake in BBMV-JMC as a function of [Na^] appeared to be 
32 1:1. Thus it appears that Na-dependent transport of Pi in 
BBMV-SC and BBMV-JMC during postnatal development and 
maturation takes place by different mechanisms. 
c) Effect of specific inhibitora of Pi transport on Na-
dependent Pi transport in BBMV-SC and BBMV-JMC : 
+ 
The of Na -gradient (Na^ > Na^ )^ dependent uptake of 
32 
Pi in the absence and the presence of either 1 mM 
phosphono-formic acid (PFA) or 2 mM sodium arsenate (AsO^) 
was determined in BBMV(s) isolated from superficial and 
juxtaroedullary cortex of 25-30, 45-50 and 90-120 d rats to 
study the properties of the Pi transport system during the 
development and growth. 
As shown in Table-27 and 28 (Figs. 35, 36), the uptake 
32 
of Pi was specifically inhibited both by PFA and ASO4. 
The effect of PFA and A8O4 was differential BBMV-SC and 
32 BBMV-JMC in different age groups of rats. The extent of Pi 
transport inhibition both by PFA (-18%) and AsO^ (-23%) was 
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TABLE-27 
32 Inhibition of Na-gradient dependent Pi uptake by PFA and 
ASO4 in rat renal BBMV-SC. 
1 
lige of Rata 
125-36 d old 
|45-5I d old 
|9I-12I d old 
Control 
20$.6!lS.6 
}S0.9!8.1 
249.9!12.3 
1 iHPFi 
125.1t7.2* 
228.2t4.2' 
169.1t7.2* 
X change froi 
control 
- 39.1 
- 34.9 
- 32.3 
2 rtis04 
64.9t7.4' 
83.6t4.5* 
118.6!l0.l' 
1 
\ change froi 1 
control 
- 68.4 1 
- 76.2 1 
- 52.5 1 
Results (pmol/mg protein/20 sec) are MeantSEM of 2 separate 
experiments. 
a Significantly different from control value at p < 0.05 (or 
higher degree of significance) by group t-test. 
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TABLE-28 
32 
Inhibit-ion of Na-gradient. dependent- Pi uptake by PFA and 
A8O4 in rat renal BBMV-JMC. 
1 
lige of taU 
|25-30 d old 
|45-5« d old 
|9I-12I d old 
Control 
I5.«3i3.52 
17S.ii7.5 
133.hS.2 
1 M P F i 
69.3i7.3 
9I.(!4.8' 
18.3*6.38 
X chaage froi 
coDtrol 
- 18.4 
- 48.4 
-33.7 
2 tm m^ 
(S.5!2.6 
80.4!8.7^ 
80.8!(.8' 
1 
% change froi 1 
control 
- 22.9 1 
- 54.2 ( 
- 39.3 j 
Results (pmol/mg protein/20 sec) are MeantSEM of 2 separate 
experiments. 
a Significantly different from control value at p < 0.05 (or 
higher degree of significance) by group t-test. 
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quite less in BBMV-JMC than in BBMV-SC (39% and 68%) in 25-
30 d rats as compared to other rats. The effect of PFA on 
32 
Pi transport in BBMV-SC was maximum (-39%) in 25-30 d 
rats. The percent inhibition by PFA in BBMV-SC was reduced 
with increasing age of the rats. However, in BBMV-JMC, the 
effect of PFA was maximum (-48%) in 45-50 d rats and it 
seemed to be greater in BBMV-JMC also in 90-120 d rats. On 
the other hand, the effect of ASO4 on Pi transport was much 
greater in BBMV-SC than in BBMV-JMC. The percent inhibition 
was much more greater in 25-30 d (-68%) and 45-50 d (-76%) 
but lowered in 90-120 d (-53%) rats. Similar to the effect 
of PFA the inhibitory effect of ASO4 in BBMV-JMC was also 
maximtun in 45-50 d (-54%) rats. The extent of inhibition of 
Pi transport by ASO4 in BBMV-JMC was differentially less in 
25-30 d (-23%) and 90-120 d (-39%) rats. These results 
clearly show differential effects of PFA and A8O4 
(competitive inhibitors) on Pi transport in BBMV-SC and 
BBMV-JMC during postnatal development and growth indicating 
functional differences in the proximal tubular sub-
population of different kidney locations. 
32 d) Effect of T3 and/or LPD on — P i transport during 
developoient and qro<irth : 
In further characterization of the intrinsic properties 
of Pi transport during growth, the effects of thyroid 
hormone (13) treatment and feeding of a low phosphate (LPD) 
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TABLE-29 
Effect of low phosphate diet (LPD) and T3 treatment on Na-
dependent Pi transport in different age groups of rats. 
1 1 i I I 
1 1 19 sec 1 30 sec 1 120 ut | 
|»9C 01 rat 1 1 , 1 , 1 1 1 1 1 
1 1 IPD 1 LPD 1 T3 1 IPD 1 LPD 1 T3 1 IPD | IPD | T3 | 
1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
(25-30 d old 1 254.i!22.9|^ 65i.4i29J|386.7i24.1 | 560.3240.7|^ 026.5!l04.2|767.9!82.S |100.9iS.(| 90.6!2.7|102.4i7.1| 
1 1 |(4is7.n) 1 m.n) \ | («83.2t) | (i37.n) | | | ( i 1 1 1 1 1 1 i i 1 1 
1 1 1 1 
1 1 1 1 1 1 1 I I I ! 
|45-5ldold I 4ie.9i23.9|'803.3t43.4|'672.5t60.(| 781.4t50.7|'ll29.6!47.5 |'l653.1t37.«|101.3!3.7|112.4t5.(|10i.4t3.7| 
1 1 \{*mA\) 1 {*il,m 1 1 {M4.61) 1 (04.ni 1 1 1 1 
i 1 1 1 1 1 i I I I ! 
1 i l l t I I I ! 1 1 1 1 1 1 1 1 1 1 1 
|90-12fl d old j 286.1115.4jS24.3t22>1j'552.8tl8.6| 583.7i43.5j*770.9t29.8 1*924.3171,2 |l93.5t3.0j 93.5tl.7|ll4.5t2.3| 
1 1 1 (^8.3)) 1 im.lX) 1 1 {*n.W 1 («58.4t) 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 
Results (pmol/mg protein) are expressed as MeaniSEM of 3 
separate experiments. 
a Significantly different from respective NPD fed group at 
p<0.05 (or higher degree of significance) by group t-test. 
% change from respective NPD fed group. 
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diet on 32Pi transport in BBMV(s) isolated from whole cortex 
were determined. Both T3 and feeding of LPD are known 
32 
stimulaters of Pi transport and act by Vmax effect 
nevertheless by different mechanisms (100). As described in 
the "Methods" and Fig. , separate groups of rats were 
placed simultaneously on the different dietary regimen i.e. 
they were fed on a NPD or LPD (0.07% phosphate) or treated 
with T3 (100 wg/100 g body weight). 
As shown in Table 29-30 (Fig. 37), both T3 and LPD 
caused enhancement in Na-gradient dependent transport of 
32 
Pi in BBMV(s) of newborn, young growing and adult rats. 
However, the extents of increase by T3 and LPD were 
different for different age groups. The initial uphill 
32 
transport of Pi at 10s was increased by 52% in 25-30 d 
rats by the treatment of T3 and continue to increase 
linearly with increasing age in 45-50 d (68%) and 90-120 d 
(93%) rats. Similar increase was also observed at 308 uptake 
and the maximum increase by T3 was observed in adult rats. 
In contrast, feeding of LPD showed maximum increase (->-158%) 
in the transport at 10s in 25-30 d rats. The effect of LPD 
was then declined in 45-50 d (100%) and 90-120 d (93%) rats. 
These results indicate that while the effect of T3 was in 
increasing order, the effect of LPD was in decreasing order 
32 
with the increase in the age. The equilibrium uptake of Pi 
was not altered by both LPD and T3. Moreover, the results 
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TABLE 30 
Na-Pi co-transport in the presence of [Na^ > Naj^] gradient 
and in equilibrated state [Na^ = Na^ l^ by BBHV(s> of rat 
renal cortex from NPD, low phosphate diet (LPD) fed and T3-
treated rats. 
1 1 32 * 1 32 1 
1 Pi uptake aider la -gradiest 1 Pi nptake nnder lon-gradieBt 1 
lage ui n i I I | | | | 
1 1 IPD »D T3 IPD LPD T3 
|25-3I d old 1 4(2.l!28.9 | 'll37.(!89.7 | '6l6.4t29.1 | 92.9!2.9 | 89.3il.l6 | ll2.7li.33 | 
1 t 1 1 *nt\ 1 *m 1 1 1 till 1 
|4S-S0 d old 1 739.$!48.7 | 'l251.4illl.3 | ^126.4!il6.9 | 88.9!1.12 | 90.St3.82 |'ll8.l!l.S3 | 
1 1 1 1 *iU\ 1 «S2.3I 1 1 1 t21.\ 1 
|98-128 d old | 488.2!27.4 | '797.8t54.2 | '98i.l!56.7 | 86.3il.37 | 91.5!8.(6 | 'll4.ill .28 | 
1 t 1 1 *iU\ 1 1^11.91 1 1 1 «3U 1 
Results (pmol/mg protein/20 sec) are expressed as MeantSEM 
of 3 separate experiments. 
a 
Significantly different from respective NPD fed group at 
p<0.05 (or higher degree of significance) by group t-test. 
% change from respective NPD fed group. 
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described in Table-30, further indicate that only Na-
32 gradient dependent (Na^ > Na^) Pi transport was increased 
both by T3 and LPD and non-Na-gradient dependent (Na=Nai) 
32 transport of Pi was increased only by T3 and not by the 
+ 32 
feeding of LPD. This increase of Na -gradient dependent Pi 
uptake was age-dependent i.e. it increases with the increase 
of postnatal age. Thus it appears that T3 and LPD alters Na-
32 gradient-dependent transport of Pi differentially and by 
different mechanism during postnatal development and growth. 
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DISCDSSION-III 
The maintenance of a positive balance for a variety of 
substances including nutrients and minerals is an important 
process during the development and growth, which is 
dependent on intake, intestinal absorption and most 
importantly on the ability of the kidney to reclaim them 
passing through the glomerular capillary filter. Repeated 
attempts have been made over the last few decades to unravel 
the mechanism by which the kidney of the newborn and growing 
animals and humans preserve the positive external balance of 
several nutrients and especially of phosphate (Pi) required 
not only in the growth of bones but also as a constituent of 
soft tissues of the body as well as in the supply of energy. 
Several studies on the postnatal ontogeny of substrate 
transport by using variety of techniques have suggested that 
most of the transport systems are not fully developed at 
birth (104, 114, 99, 102, 117). It has been reported by 
whole body clearance studies or by tubular events that Pi 
transport in newborn and growing animals and humans are 
greater compared to adults (104, 162-164). It has been also 
suggested that the use of brush border membrane vesicles 
(BBMV) of renal cortex technique in the newborn animal could 
be useful in allowing a direct approach to study transport 
properties of the kidney which undergoes changing during 
development (102, 108, 117-121). Only limited studies were 
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carried out using BBMV techniques especially for Pi 
transport in newborns (102, 117). BBMV transport of Pi were 
found not to be different in 2 months (young) and 8 months 
old rats (117). However, a small difference was observed 
between 14 d and 21 d rats but only in Pi transport and not 
in glucose and valine transport (102). Recent studies have 
+ + 
indicated that Na -H activity also enhances during the 
+ 
postnatal growth (121) similar to Na -coupled transport of 
glucose (108) amino acids (123, 124) and Pi (102, 117) with 
increasing age and thus suggests that luminal membrane 
(BBMV) related events play a role in the maturation of 
solute reabsorption in the proximal tubule. 
The kidney is immature at birth and matures by 
centrifugal pattern during the postnatal development and 
growth (25, 82, 86). Also the kidney is a heterogenous 
structure consisting of several tissue zones and various 
nephronal subsegments (1). It has been suggested that 
nephrons in general and the proximal tubules in particular 
develop and mature according to their location based 
subclassifications with the increase in the age of animals 
and/or humans and should exhibit differential functional 
properties (28, 82, 83, 84). 
The present studies, therefore, were carefully designed 
and carried out to gain an insight into the mechanism 
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involved in solutes transport across the BBMV of renal 
proximal tubule during development and maturation which is 
the main limiting step in the regulation of tubular 
transport especially of Pi (165-167). In the present studies 
rats of 25-30 d, 45-50 d and 90-120 d of age were used for 
experiments to have a clear idea regarding kidney's 
functions during the growth. The central hypothesis of the 
present work was to study the development and maturation in 
32 particular of Pi transport in BBMV(s) isolated from 
different cortical tissue zones. 
Results indicate that the time course of Na-gradient 
(NaQ > Na^) dependent transport of Pi in BBMV-SC and BBMV-
JMC was qualitatively comparable in newborn, young-growing 
and adult rats (Table 16, 17; Fig. 28, 29) in the same 
experimental conditions and was also comparable to other 
studies (102, 117). The identical equilibrium values 
separately in BBMV-SC and BBMV-JMC indicate that the intra-
vesicular volumes were the same in all cases. The overshoot 
phenomenon was also present which was disappeared when 
membrane were incubated in a solution in which sodium was 
replaced by potassium, indicating a sodium dependency of the 
Pi transport in the newborn and young rats similar to that 
of the adults (Table 18). However, the rates of Na-dependent 
uptake of Pi were different in both BBMV-SC and BBMV-JMC in 
newborn, young-growing and adult rats (Table 16-18; Fig. 28, 
161 
29). Membranes isolated from 25-30 d rats showed a lower 
initial rate of Pi uptake than vesicles isolated from other 
rats of high age groups. The uptake of Pi was significantly 
increased in both BBMV-SC and BBMV-JMC in 45-50 d rats then 
it was lowered in 90-120 d rats when it was still higher 
from the values observed in 25-30 d rats. Although the 
32 pattern of the uptake of Pi was analogous in both BBMV-SC 
and BBMV-JMC but it was significantly higher in BBMV-SC 
compared to BBMV-JMC in all age groups of rats. However, age 
32 dependent percent increase in the uptake of Pi in BBMV-JMC 
as compared to BBMV-SC was significantly higher in 45-50 d 
rats than in 25-30 d rats. 
Similar results were also obtained for D-glucose 
transports (Table 19; Fig. 30). The transports were 
evidently Na-gradient dependent in all age groups of rats 
and the equilibrium uptakes were also similar both in BBMV-
SC and BBMV-JMC. The differences in the uptakes of Pi, and 
D-glucose appeared to be due to the differences in the 
intrinsic transport systems and not due to the differences 
in permeability or intra-vesicular volumes of BBMV(s) as the 
equilibrium uptakes were almost identical in all the 
preparations of BBMV-SC(s) or BBMV-JMC(s) and the initial 
concentrative uptake was quite low in the newborn despite 
the fact that proximal tubule is immature and quite leaky 
and serum Pi levels were found to be higher in the newborn 
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rats (25, 28, 83) than in adults. The kinetic studies have 
also demonstrated that the increased rates of Pi uptake were 
in accordance with increasing age of the rats (Tables 20, 
21; Figs. 31, 32). These were largely due to the increase in 
the Vmax values with the little variance in the Km values of 
the transports and suggested increased expression of the 
effective transporters per unit area of the BBMV(s) with the 
increase in age of the rats, especially in 45-50 d rats 
where the rates of Pi transport were maximum both in BBMV-SC 
and BBMV-JMC. However, the Vmax values were significantly 
higher in BBMV-SC(s) than in BBMV-JMC(s) again suggesting 
higher transport capacities in BBMV-SC(s) than in BBMV-
JMC(s). These results are in partial agreement with the 
previous report where it was observed that in 21 d compared 
to 14 d rats Pi uptake was higher due to higher Vmax and Km 
was not different in the two groups of rats in the BBMV(8) 
isolated from whole cortex (102). The change in the Km was 
not observed may be because the age of the rats were very 
close (102). For the same reason most probably the 
differences in the D-glucose and L-alanine transports were 
not observed in these rats. The present findings are in 
general agreement with earlier morphologic observations that 
the functional maturation of the nephron occurs mainly by an 
increase in the volume and mass of the proximal tubule 
accompanied by a parallel increase in the surface of the 
luminal membrane of the epithelial cells (83, 95, 96, 168) 
163 
and hence in the increase of carrier protein molecules per 
unit membrane during the early growth period. It also 
appears that early growth or maturation of carrier protein 
was greater in PT-JMC than in PT-SC, 
Several intrinsic as well as extrinsic factors such as 
affinity (Km) and turnover rate (Vmax) of the transport, the 
concentration gradients of both the solutes and the driving 
ions, and the modulators (inhibitors or stimulators) are 
known to affect the renal handling of Pi (99, 100, 114, 133, 
134). Further the affects were different in BBMV-SC and 
BBMV-JMC due to heterogeniety in structure as well as in 
functions of the PT-subpopulations. These will be expected 
to be further different during development and maturation. 
Thus far it is apparent from above findings that the 
transport of Pi or D-glucose were essentially dependent on 
the sodium gradient (Na^ > Na^ )^ in all age groups of rats. 
Additional experiments were conducted to further 
+ 
characterize the role of Na ions in the transport of Pi 
during the development and growth. 
Brush border membranes isolated from whole kidney 
cortex originated from functionally and morphologically 
different segments of the PT as well as from PT of 
superficial and deep nephrons (169). In fact, evidence for 
the existence of an intra- and internephron heterogeneity of 
164 
apical Na/Pi cotransport system has been reported (170). 
Data available suggest a multiplicity of Na/Pi cotransport 
systems with renal PT in as much as they show that the 
kinetics and stoichioroetry of transport may differ 
especially in different age groups of rats. Based on the 
interaction of Pi and Na ions, the Na/Pi cotransport can be 
characterized as one of the following : 1) sigmoidal 
dependene of Pi transport on Na concentration (2:1, Na:Pi 
stoichiometry); 2) linear dependence of Pi transport on Na 
concentration (1:1, Na:Pi stoichiometry); 3) increase of Na 
increases the affinity for Pi. Although the transport of Pi 
or D-glucose vis-a-vis Na concentrations was shown to be 
largely with 2:1 stoichiometry but with 1:1 stoichiometry 
was also suggested (171, 172). However, the regulatory 
mechanisms are not fully understood nor their involvement in 
the complex physiological control of renal Pi reabsorption 
32 
are known. In view of the above. Pi transport in BBMV-SC 
and BBMV-JMC from different age group of rats was determined 
as a function iNaQl in the extravesicular medium. 
+ 
When varying concentrations of Na ions were present in 
the extra-vesicular than intra-vesicular medium (Na^ > Na^^), 
the uptake of Pi increased as a function of increased Na^ 
concentrations both in BBMV-SC and BBMV-JMC (Tables 23, 25). 
32 However, the dependence of Pi transport on Na^ 
concentrations was different in BBMV-SC(s) and BBMV-JMC(s) 
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from different age groups. The uptake of Pi in BBMV-SC of 
25-30 d, 45-50 d and 90-120 d rats at all iNaQl was 
different and the uptake appeared to be maximum at most 
[Nag] in 45-50 d rats. Graphic analyses showed that the 
relationship between the rate of Pi uptake and iNa^l in 
BBMV-SC(s) was a sigmoidal curve however the shape of the 
curve changed in different age groups of rats. This 
indicates that irrespective of the age of the rats varying 
[Na^] enhance the Pi uptake may be with a similar mechanism. 
32 
There was a lag in the uptake of Pi as it was not linearly 
proportional to the increasing (NaQl. Moreover, when the 
data was analyzed by the transformed Hill plot, straight 
lines were obtained (Table 24; Fig. 33 (A, B, C insets) and 
the calculated [Na IQ.S was 28.1, 35.5 and 32 roM for 25-30 
d, 45-50 d and 90-120 d rats respectively. This data also 
showed the differential interactions of Na^ with the 
phosphate transporter in different age groups of the rats. 
The respective n values (Hill coefficient) were 1.4, 1.9 and 
2.1 in above age groups of rats. It appears from this data 
that more than one activator ions (n > 1) per substrate 
translocation were involved in the Pi transport at least in 
45-50 d and 90-120 d rats as has been observed earlier for 
adult rats (78). However, in the 25-30 d rats less than two 
32 ions were involved. On the other hand the uptakes of Pi in 
BBMV-JMC(s) were increased linearly in all groups of rats 
(Tables 25, 26). The linearly increase with respect to 
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increased extravesicular Na-*- concentration appears to be by 
1:1 (Na:Pi) stoichiometry which was also higher in 45-50 d 
rats than other rats at all [NaQl. Kinetic analyses by 
Lineweaver Burk Plot showed a higher Vmax in 45-50 d than 
25-30 d and 90-120 d rats with different Km values (Table 
26; Fig. 34). The results thus indicate that dependence of 
32 transport of Pi on NaQ was different in BBMV-SC and BBMV-
JMC due to different mechanisms involved during the growth.. 
In further characterization of the role of sodium ions 
in the transports of Pi and D-glucose during development and 
growth, the uptake of Pi was observed to be higher in all 
age groups of rats although differentially only when there 
was a Na-gradient (i.e. Na^ > Na^^). However, when the 
gradient was abolished in which [NaQl = [Na^l, the uptake of 
Pi was quite low and the age dependent differences were not 
observed (Table 22). These results suggest that sodium 
gradient (Na^ > Na^ )^ rather than the presence of the Na in 
extra-vesicular medium involves in the activation of Pi 
transport although differentially during growth as also 
found in other studies for adult rats (78, 161). The 
transport studies thus far indicate that transport 
properties were different in different age group of rats in 
both BBHV-SC and BBMV-JMC. The capacities as well as 
affinities varied during the postnatal development and the 
growth. The maximum capacity and the rate of transport was 
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always found to be higher in 45-50 d rats under different 
experimental conditions. 
The inhibitors of Pi transport such as PFA and ASO4, 
were able to inhibit the transport however to different 
extents in different rats and differentially in BBMV-SC and 
BB^fV-JMC(8) as has been shown in earlier studies (161, 173, 
32 174). The inhibition of Pi-transport by PFA as well as by 
ASO4 was similarly quite less both in BBMV-SC and BBMV-JMC 
in 25-30 d rats (Tables 27, 28; Figs. 35, 36). However, the 
inhibition of Pi transport by both PFA and ASO4 was 
relatively greater both in BBMV-SC and BBMV-JMC in 45-50 d 
rats than in 25-30 d and 90-120 d rats. The extent of 
inhibition by ASO4 however was much greater in BBMV-SC than 
in BBMV-JMC in all the rats. It is believed that PFA 
inhibits the transport largely by binding to the carrier 
protein from outside the membrane (161), while A8O4 as a 
metabolite compete for the same site with Pi and is known to 
be transported into the BBMV(8) (173). The inhibition of the 
transport of Pi both by PFA and ASO4 are known to be 
conqpetitive and the rates of Pi transport alter due to the 
changes in Km values and the Vmax remained unchanged in 
adult' rats (161) and also during the growth. 
Many hormonal and non-hormonal factors controlling Pi 
homeostasis have been shown to modulate the rate of BBM-
168 
Na/Pi contransport (170, 175, 176, 177). In general most in 
vivo maneuvers which stimulate PT-Pi reabsorption, so that 
the effect is retained at the level of isolated membranes 
increase the rate of BBM-Na/Pi cotransport (manifested by an 
increase of Vmax) in a protein synthesis dependent manner 
(170, 178). Thyroid hormone (T3) and dietary Pi deprivation 
(by feeding a LPD) are most thoroughly investigated tools 
which stimulate BBM Na/Pi cotransport by Vmax effect but by 
differential mechanisms (179). Receptors for thyroid 
hormones are found to be expressed in neonate kidney while 
LPD has shown differential affects on Na/Pi cotransport in 
newborn and adult rats (107). The effect of both T3 and LPD 
was found to be different in BBMV-SC and BBMV-JMC (100, 
105). The results of the present study clearly demonstrate 
differential effects of T3 and LPD on Na/Pi cotransport 
during postnatal development and maturation (Table 29; Fig. 
37). Na/Pi cotransport was increased in the increasing order 
by T3 while LPD stimulated the transport in the decreasing 
terms with the increase in the postnatal age in the BBMV(8) 
isolated from whole cortex. While the increase in Na/Pi 
cotransport was maximum by T3, in adult rat-s it was maximum 
by LPD in 25-30 d rats. Thus it appears t.hat renal Na/Pi 
cotransport responds differentially to T3 and LPD during the 
postnatal development and maturation. 
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SDMMARY & CONCLDSION 
It is well known that newborn kidney in humans and 
animals is immature at birth. It has been also established 
that neonate kidney undergoes a process of postnatal 
development and maturation during the growth. The "nephron", 
fundamental unit of the kidney is comprising of a glomerulus 
and a long tubule. The blood filters through the glomerular 
membrane during circulation and the filtrate thus formed is 
passed through various tubular subsegments of the nephron. 
During this course various nutritional components, minerals 
and ions are reclaimed (reabsorbed) by the proximal and 
distal subsegments through their luminal membranes (brush 
border membrane, BBM) while others are excreted in the 
urine. Thus the kidney plays an essential role in the 
maintenance of the composition and concentration of various 
body fluids by its reabsorptive properties and hence also 
maintains the acid-base balance in physiologic and 
pathophysiologic conditions. The proximal tubule of the 
nephron subsegments is considered to be the major site for 
the reabsorption of various ions, molecules, and minerals 
+ including Na , Pi, sugars, fatty acids and amino acids. In 
proximal tubule the reabsorption or secretion occurs mostly 
by active transport at the luminal brush border membrane 
(BBM) site where it is also regulated by several hormonal 
and nonhormonal stimuli and by adaptations. Inter- and 
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intranephronal heterogeneity of the proximal tubule (PT) 
with respect to structure, metabolic activity and transport 
function have been reported i.e. various PT sub-populations 
exhibit differences in their structures and functions. They 
are also differentially regulated by different physiologic 
and non-physiologic conditions. 
The kidney at birth contains about 500,000 nephron and 
another 500,000 are added after birth at least in the 
laboratory animals during the growth. However, in humans all 
the nephrons are considered to be developed in infants 
before birth except in premature subjects. The nephrogenesis 
as well as postnatal maturation is known to occur by a 
centrifugal pattern as the more developed nephrons are found 
to be located in the deep cortex at the corticomedullary 
junction while the less developed in the outer cortical 
regions. It has been postulated by the morphologic and other 
studies that the maturation of the nephrons located in the 
deep cortex takes place in the first stage in about 28 days 
after birth while outer cortical nephrons mature in the 
second stage uptil 48 days of age. However, another view 
suggested an incomplete initial maturation of all the 
nephrons and the completion of maturation occurs 
simultaneously. 
In view of the above the present studies are carefully 
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designed and carried out to find out the mode of development 
and maturation of certain biochemical components 
(structural, metabolic and functional) of the proximal 
tubules isolated from either superficial (SO or 
juxtamedullary cortex (JMC) during the growth. 
The results of the present study are summarized as 
follows : 
1. The development and maturation of various kidney tissue 
zones e.g. cortex (SC & JMC) and outer medulla were 
determined by the activities of certain enzymes of 
carbohydrate metabolism which can be linked with their 
functional abilities as chief source of energy required 
+ 
mainly for the active transports of Na and other solutes 
dependent on it. These studies reveal that -
a) The glucose is metabolized via glycolysis to greater 
extent in medulla than cortical homogenates in all age 
groups of rats. The activity of LDH was found to be 
increased with increasing age during growth being least 
in newborn rats. 
b) Oxidative metabolism via TCA cycle could not be clearly 
demonstrated, however, different maturational pattern 
for MDH activity has been found in renal tissue zones 
during postnatal development and growth. While MDH 
activity changed narrowly in SC, it was sharply 
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increased in JMC and medulla in 35-40 d and 55-60 d 
rats than the younger rats. 
c) Oxidation of glucose via HMP-shunt pathway (an 
alternate pathway) as demonstrated by the activity of 
G-6-PDH was found to be quite high in newborn (15-20 d) 
than other rats. In particular, the activity was two 
fold higher in JMC-H than in SC-H. The activity however 
declined significantly with increase in age of the rats 
in all renal tissues. It was 10 times less in adult 
than in newborn rats in SC-tissue. 
d) In view of the distribution of ME together with G-6-PDH 
in various renal tissues, the biosynthetic pathways 
(with greater NADPH availability) appeared to be also 
greatly active in young rats than in older rats. The 
activity was much higher in the medulla than in the 
cortex (both in SC and JMC). 
e) The production of glucose via gluconeogenesis appeared 
to be relatively greater in adult rats than in newborn 
rats. The activity of G-6-Pase was much higher in 
cortical tissues than in the medulla. The activity 
was increased sharply in an age dependent manner but 
to greater extent in SC than in JMC-H or M-H. On the 
other hand, the activity of FBPase was much less than 
G-6-Pa8e activity in renal tissues and was always 
higher in SC-H and JMC-H compared to M-H. During 
postnatal maturation, the activity of FBPase did not 
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change significantly in JMC-H. However, in SC-H it did 
increase in 35-40d than in 15-20 d rats then lowered in 
older rats. 
2. In the second series of the experiments, structural and 
functional maturation of the luminal brush border membranes 
(BBM) of the proximal tubule in renal cortex was determined 
by measuring the activities of some marker enzymes in the 
homogenates and BBMV preparations. 
a) The activities of AlkPase, GGTase (BBM enzymes) and 
APase (lysosomal enzyme) were found to be low in 
newborn rats in all renal tissues studied. The cortical 
homogenates showed higher activities than M-H. However, 
the maturational expression of enzymes was different in 
each renal tissue and was dependent on the age of the 
rats. The AlkPase was maximally increased in 35-40 d 
old rats compared to 15-20 d old rats, reached to 
maximum maturation point in 55-60 d old rats and then 
the enzyme activity declined in adults. 
b) Although the activity of GGTase was much lower in the 
three homogenates of newborn rats compared to young 
and adult rats, but it was much higher in JMC-H 
compared to both SC-H and M-H where it was least. The 
maximum activity increase in SC-H was found between 35-
40 d and 55-60 d old rats. However, greater increase 
was observed between 15-20 d and 35-40 d old rats both 
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in JMC-H and M-H and continue to increase even in adult 
rats in case of M-H. These results indicate a 
differential maturational pattern for the BBM enzymes 
during growth, 
c) The activity of acid phosphatase (APase) was linearly 
increased both in SC-H and JMC-H but to a greater 
extent in JMC-H. These results indicate that number of 
lysosomes were increased in an age dependent manner. 
3. When the maturational pattern of AlkPase and GGTase was 
determined in the BBMV isolated from SC and JMC-tissues a 
very different pattern was obtained from that of respective 
homogenates as described above. The activity of AlkPase was 
predominantly increased in BBMV-SC while the activity of 
GGTase was profoundly increased in BBMV-JMC. The 
maturational expression of the above enzymes was also 
different both in BBMV-SC and BBMV-JMC. 
a) The activity of AlkPase in BBMV-SC was significantly 
higher in 50-55 d (50%) than in 25-30 d rats then 
lowered in 90-120 d rats. However, in BBMV-JMC, the 
activity of AlkPase linearly increased with increasing 
age. 
b) The activity of GGTase was always much higher in BBMV-
JMC than in BBMV-SC. In BBMV-SC, it was maximum in 90-
120 d rats while in BBMV-JMC in 50-55 d rats. 
c) Kinetic studies indicate that increase in BBM-enzyme 
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activities was mostly due to increase in Vmax values 
and support the fact that the enzyme activities were 
increased during growth mostly due to increase in the 
number of molecules of the enzymes inserted in the 
membranes (Vmax-effeet). The activity of acid 
phosphatase was lower in the BBMV preparations compared 
to homogenates which indicates the purity of the 
membrane as this lysosomal enzyme was less in the BBMV 
preparations. 
d) BBMV(s) isolated by percoll-density gradient centrifu-
gation also suggest that the guantiim of the enzyme 
activities (total activities) increased in accordance 
with the increment in the age of the rats. Further 
studies indicate that the increase in the enzymes 
activities was associated only with the membrane 
fractions and not with the soluble fraction. 
4. The functional maturation of the proximal tubules from 
superficial (SO and juxtamedullary cortex (JMC) was 
32 demonstrated by the transports of Pi and D-glucose 
determined using isolated BBMV(s) from above kidney tissue 
zones. 
a) In general, transports were found to be largely 
dependent on the Na-gradient (NaQ>Nai^). Na-gradient 
dependent transports were always higher in BBMV-SC than 
in BBMV-JMC. The initial uptakes increased 
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proportionally with reepect to the elapsed time of 
incubation (10-30s) then lowered and equilibrated at 
120 min. Although the equilibrium uptake was also 
higher in BBMV-SC than in BBMV-JMC, but there was no 
significant difference in the equilibrium uptake values 
among BBMV-SC(s) and BBMV-JMC(s) of different age 
groups suggesting similar intra-vesicular spaces. The 
maximum rates of uptake in BBMV-SC and BBMV-JMC were 
exhibited in 45-50 d rats compared to both 25-30 d and 
90-120 d rats. The age dependent increase (percent 
32 
wise) in the uptake of Pi appeared to be greater in 
BBMV-JMC than BBMV-SC in 45-50 d than 25-30 d rats. 
b) Kinetic analysis revealed that increased rates of 
32 
uptake of Pi were usually due to increase in Vmax 
values rather than Km values in both BBMV-SC and BBMV-
JMC. It appears from the results that a higher capacity 
32 
system for Pi transport was operating in BBMV-SC 
while a lower capacity and high affinity system was 
operating in BBMV-JMC during the growth, more in 
younger rats than adults. 
32 
c) The transports of Pi, in particular, showed differen-
tial properties between BBMV-SC and BBMV-JMC during the 
32 
growth. Although the uptake of Pi was dependent on a 
+ 
Na -gradient but this dependancy was different in BBMV-
SC and BBMV-JMC. The stoichiometry of Na/Pi cotransport 
system appeared to be 2:1 in BBMV-SC in 45-50 d and 90-
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120 d rats. However, most importantly a 1:1 
stoichiometry appeared to be prevalent in BBMV-SC in 
25-30 d rats and in BBMV-JMCCs) of all age groups of 
32 
rats. Thus it appears that more Pi could be 
transported by BBMV-SC in addition to BBMV-JMC in 25-30 
+ 
d rats with the stipulated Na concen-trations than by 
the BBMV-SC(s) in 45-50 d or 90-120 d rats. 
32 
d) The transport of Pi in BBMV-SC and BBMV-JMC was 
distinctly inhibited by specific inhibitors (PFA and 
ASO4) and to different extent in 25-30 d, 45-50 d and 
90-120 d rats. 
32 
e) Similarly the transport of Pi was distinctly 
stimulated by in vivo stimulators such as by thyroid 
hormone (T3) and by dietary Pi deprivation during the 
growth. While the extent of stimulation of transport (% 
increase) by LPD was much greater in 25-30 d rats than 
in 45-50 d and 90-120 d rats, it was much greater by T3 
in adult rats than younger rats. However, the adaptive 
increase in the above situations vary significantly in 
25-30 d rats. 
Thus it can be concluded from the above results that 
the kidney in general and the proximal tubules in particular 
mature in the structure and in the functions differentially 
during the postnatal development and the growth. Further the 
proximal tubular sub-populations from SC and JMC matures 
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differentially in terms of structure, metabolisin and 
transport functions. The maximum maturational growth 
appeared in rats between 45-50 d rats where both PT-SC and 
PT-JMC are expected to be matured. 
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